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Coal-seismic, desk-top computer programs in BASIC; part 2:
enter, compute, display, edit, and store results of downhole,
inhole, and crosshole investigations
by
W. P. Hasbrouck
ABSTRACT
Processing of geophysical data taken with the U.S. Geological Survey's

coal-seismic system is done with a desk-top, stand-alone computer. Programs
for this computer are written in an exte;ded BASIC language specially augmented

1/

for acceptance by the Tektronix 4051 Graphic System =~. This report presents
computer programs used to enter, compute, display, edit, and store results of
downhole, inhole, and crosshole seismic investigations.
INTRODUCTION

The purpose of this report is to make available four computer programs
- used to enter, compute, display, edit, and store results of downhole, inhole,
and crosshole (hole-to-hole) seismic investigations. These data processing
procedures were developed as part of the U.S. Geological Survey's coal-seismic
system. All computer programs are written in an extended BASIC language
»developed by Tektronics, Inc. for use with their 4051 Graphic System. Three
pieces of Tektronix computing equipment are required by the programs: a 4051
Graphic System with a 32,000-byte memory, a 4662 Interactive Digital Plotter,
and a 4924 Digital Cartridge Tape Drive. A Tektronix 4631 Hard Copy unit can
be used to make a copy of the screen display, if desired.

This report is divided into four sections, one for each program presented.

The first three sections treat the downhole, inhole and crosshole survey

l/ Use of brand names in this report is for descriptive purposes only and
does not constitute endorsement of the U.S. Geological Survey.



programs respectively; the fourth describes the program used to edit information
stored on data tapes from all three types of surveys. The sections on the
survey programs begin with a description of how the surveys are conducted and
computed. This is followed by a series of figures that are copies of the
displays produced on the CRT screen showing step-by-~step examples of how data
are entered and illustrating the results obtained. Each section ends with a
presentation of the program.

One does not have to acquire extensive knowledge about the operation of

/

the 4051 Graphic System before running the programs of this report. To get
started, you'll need to know how to perform the following:

1. Enter a program from the keyboard,

2. Insert a magnetic-tape cartidge,

3. Transfer a program from memory to tape and back again,

4, Store data on tape, and

5. Enter information from the keyboard.
These tasks are well documentated in the computer's operator's manuals.

All programs are self-prompting; that is, you don't have to remember what
‘to do next-~the program will tell you. In tracing through the sample problems
you will notice that the programs will cause questions to be printed across the
screen and that these questions will terminate with a flashing question mark.
The computer then waits for you to supply an answer. Replies that you will
need to enter from the keyboard are given in the examples--to make these
responses easier to see, they are enclosed in boxes on the figures.

The sample problems use synthetic data obtained from a group of modeling
programs (not included in this report). Model parameters of these forward

calculations are listed in table 1. The idealized geologic section examined
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Table 1 Model parameters

Layer Layer
Layer Thickness Velocity
Number (meters) (m/msec)

1 3.0 0.30

2 7.0 0.40

3 2,0 0.50

4 6.0 0.60

5 2,0 0.90

6 18.0 1.70

7 20.0 2.00

8 5.0 3.00

. 9 12.0 2.50
10 1.0 1.80
11 14,0 2.60
12 3.0 1.80
13 2.0 2.00
14 4.0 1.80
15 1.0 2.00
16 1.0 2.20
17 1.0 2.40
18 7.0 2.60
19 7.0 2.60
20 9.0 3.30
21 15.0 3.60

by the three velocity survey methods of this report contains a l-m-thick coal
seam (top at 75 m) and a 7-m-thick coal seam (top at 90 m) cut by a 2-m-thick
parting. The floor under the lower coal shows a transitional increase in
velocity indicative of the effect of an underclay. Depth of the LVL (low
velocity layer) is 20 m, and total depth'of the borehole is 140 m.

After the hole information and observed data are entered from the keyboard,
they are stored on a magnetic tape inserted in the 4924 Digital Cartridge Tape
Drive. Although it is not necessary to transfer observed data to a data tape
(the program can proceed using keyboard-entered data only), it is recommended
that this transfer be made for the following reasons:

1. The data tape can be readily edited should an error have occurred on

keyboard input,

<

2. Because choice of final plotting scales and labeling is best made after



a trial plot, it is faster to read data from a file than have to
re-enter them each time from the keyboard, and

3. It is good practice to save hard-won field data.

The programs of this report are listed with a printer that cannot print
an underscore. This deficiency presents a problem in the display of control
characters. Five display control characters are used in the program: G (rings
bell), J (moves cursor down on line), K (moves cursor up one line), L (erases
screen and moves cursor to Home positién), and _ (moves cursor to the left
margin and down one line). In the print of the program listing, these control
characters are shown as G_, J , K, L_, and _ _ respectively.

THE DOWNHOLE SURVEY PROGRAM

Downhole surveys are used in coal-seismic studies to determine the average,
RMS (root-mean-square), and interval velocities within the coal measures. In
general, because the thickness of the coal seams is smaller than the thickness
of oil-producing zones, the spacing between detectors in coal studies is less
than'the spacing between detectors in oil exploration. Also, in coal studies,
the sampling interval of the seismograph system is usually smaller: 0.05 msec
in coal work as contrasted to 1 msec or more in petroleum explorationm.

Figure 1 shows the field setup for conducting a downhole velocity survey
with a special multidetector cable. This cable is constructed such that either
the velocity along the cable is lower than the velocity of the surrounding
rocks, or the detectors are acoustically isolated from each other. Cables of
this kind are called "velocity cables'". In the sample problem, 11 downhole
detectors and 1 surface detector, called the 'reference seismometer', are
used. The program is not restricted to 11 downhole detectors, but because
of memory limitation of the computer, a maximum of 99 detector positioms can

be handled (9 cable positions with an ll-detector cable).
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Figure 1. Field setup for conducting a velocity-cable downhole survey. Note
that the top detector at the first cable position (detector 1,1) and the
bottom detector at the second cable position (detector 2,11) are at the
same depth in the test hole.



The downhole survey program has provisions for a survey run with the
use of a single wall-lock seismometer. To select this branch of the program,
an "N" would be entered in response to the question:

WERE DATA OBTAINED WITH USE OF A VELOCITY CABLE? (Y OR N).

Velocities are computed using first arrival times that have been adjusted
for reference-time deviation and common-location time differences and then
corrected to approximate vertical time. The approximation involves using the
cosine of the angle whose tangent equals the source-to-test hole distance
(also called the "hole offset'") divided by the distance from the source point
to the detector. Datum elevation is taken as the elevation of the first source
position, and datum time is taken with reference to arrival times from the
first source excitation-~the first shot.

No unique solution exists to the problem of determining the velocity-
layer structure from a series of first arrival times of seismic waves initiated
at a single seismic source point and detected at a series of downhole positioms.
Any algorithm is thus an approximation. The results computed, displayed, and
tabulated by this program must be considered only at first approximations.

Let us now work through a sample problem illustrating the use of the
downhole survey program. Unless otherwise stated, in all the programs of this
report, all distances, elevations, and depths are in meters (m); all arrival
times are in milliseconds (msec); and all velocities are in meters per
millisec (m/msec).

Figure 2 is a copy of the first page of the screen display produced by
the program after you have entered the information enclosed in the boxes.

Figures 3, 4, and 5 show the screen display after you have entered
detector depths, arrival times to detectors at these depths, reference-

seismometers arrival time, uphole tiﬁes, and shotpoint (or source point) depths
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when the velocity cable was in its first, second, and third position
respectively. In field practice, we read the uphole time from the CRT display
on a single~trace seismograph, and then record this time and the shotpoint
depth in a field notebook. Detector and reference-seismometer arrival times
are obtained from the output of a 12-channel, signal-enhancement seismograph
system..

Figure 6 is a copy of the fifth page of the s#mple problem screen display.
Here we have selected to store the keyboard-entered information on a data
tape, file 25. Then we have chosen to see those data. Upon receipt of a "Y"
answer to the third question on figure 6, the program reads these data from
the data tape and then prints them as shown on this figure and its continuation
on figure 7. The arrow (lower part of fig. 6) points to an arrival-~time entry
that is obviously wrong. Thus, in answer to the question:

DO YOU WANT TO CHANGE ANY ARRIVAL TIMES? (Y OR N),

a "Y" would be entered, whereupon the display shown in figure 8 would be
produced. Note that in entering the detector number, an ordered pair is
required: in this case 1, 1. If seismometer 5 on cable 2 was the one at which
the correction of arrival time was to be made, then you would enter a 2
.followed by a 5 to the question at the top of figure 8.

Line 9 of figure 8 shows that we have chosen not to plot results on the
4622 (the Interactive Digital Plotter); rather, we want to see the results
displayed on the screen. The plot limits and the tickmark intervals and
their labels that are to be used on this plot are indicated in the boxes.

Figure 9 is a copy of the screen display showing plots of results
obtained with the downhole survey program using the information entered in
figures 2 through 8. This display can be thought of as a working copy.

Figure 10 is a copy of the screen display showing a tabulation of results

of the sample downhole survey. In the calculations, the position of the

- o
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first shot in the shothole is taken as the datum elevation, and all subsequent
shot times are referenced to the first shot at the datum elevatioﬁ; Three
sets of velocities are listed in this tabulation: interval, RMS, and average.
Each of these velocities has its own particular use in subsequent processing
of seismic reflection data.

Shown in figure 11 is the screen display produced when a display on the
4662 plotter has been selected. Here instead of reentering the data, they
have been called from file 25. Also we elected not to have the data printed.
The lower half of the figure contains the plot limit and tickmark-interval
entries.

Figure 12 is the result of entering the information of figure 11. This
plot is generally acceptable for a publication or report. Information needed
to write a figure caption for this figure, if it were to be part of a report,
can be obtained from the 4-line label across the top of either the working
plot (fig. 9) or the data tabulation (fig. 10). A full picture of the results
of the downhole survey at hole 70-101A could be given in an engineering
report by including a plot such as figure 12, a tabulation such as figure 10,

and a listing of observed data such as shown in figures 6 and 7.
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DOWNHOLE SURVEY AT HOLE 789-18t1A

VERTICAL TIME FROM SURFACE IN MSEC +++++
10 20 39 49 50 69 79 83 99

1
1]
1
1

10
29

30

n
[\

[
Q

o
o

DETECTOR DEPTH IN METERS
© ~
® o

188

120

138

.S 1.8 1.5 298 2.5 3.8 3.5
AND AVERAGE xxxxx VELOCITIES IN M/MSEC

INTERVAL

Figure 12. Reduced copy of report-quality plot produced by the 4662 plotter
after information of figure 11 was entered. Original dimensions of the
outer border were 25.4 by 33.0 cm. Information needed to write a figure
caption can be obtained from the 4-line label printed across the top of’
the screen display (fig. 9) or the data tabulation (fig. 10).
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Listing of the program for downhole-suvey data

PRINT "L_ YOU HAVE SELECTED PROGRAM TO ENTER., DISPLAY, COMPUTE™

PRINT * AND STORE DOWNHOLE VELOCITY SURVEY DATA"
INIT :

DI A$(29), C$(23), D125, FFCL), G$<15, HECL3), I$(12), L$(10), N$(24)
DIM 0$<11), R$C16>, S§(12), US(?D

DATAR @. 25, 1, 22, "AYG SP DEPTH=", "AVG UH TIME="

REARD Ba, N3, P, HS, 1%

H$="DETECTOR DEPTH IN METERS"

PRINT "_._DO YOU MWANT TO COMPUTE AND PLOT THOSE DATA STORED™
PRINT "ON AN DOWNHOLE-SURVEY DATA STORAGE TAPE? <Y OR N> *;
INPUT Gs :
IF Gs="N" THEN 250

PRINT "G.G.G-_..INSERT UPHOLE SURVEY DRTH TAPE WITHIN 4924"
PRINT "__WITHIN WHICH FILE ARE DATA STORED? ";

INPUT F1

FIND @2:F1

READ @2:N1, N2, N2

IF N3<{=2 THENM Zz90

PRINT "G. G-G--_ERROR*—DHTR FOR DONNHOLE SURVEY NOT SELECTED"
GO TO 188

IF N3=2 THEN 220

GO TO 358

Ni=1

DIM RiC(N2)>, R2(N2Y, R3(N1, N23, S1 (N2>, TACN2Y, TSCNL, N2), Z2¢NL, N2>
GO 7O 368

DIM R1CNALY, R2{N1), RI(NL, N2>, SACNL1), TAC(NLY, TS(NL, N2>, 21 (N1, N2D
FIND @2:F1

READ @2:N1, N2, N2, RS, CS, D¢, L.$, 0%, R, 5S¢, Us, E1, E2, 01, R1, 514, T4, TS, 21
GQ TO 420

F1=8

GOsUB 8286

GOsuB 1250

PRINT "__DO YOU WANT TO SEE TAPE OR ENTERED DATR? (Y OR MO ";
INPUT Gs

IF G$="N" THEN 473

GOsUB 6218

GosuR 7229

29=S1(11>+E1-E2

IF N3=2 THEN 520

GosuB =250

GOsSUB 2958

GO TO 5S40

Ni=4

GosuUB 6558 .
PRINT "__DO ¥Y0OU WANT TO PLOT DATA ON 46627 (Y OR N) ";

INPUT G

IF G$="N" THEN 630

RESTORE S80

DATA 1.4.8,3,8.5,10,95,12,122,0. 5

READ P, K23, K4,B,B1,E2,B4,8B5.C

B9=R2-B1

GOsSUB 1560

GO 7O 710

RESTORE 648

DATR 1. 792, 2. 816, 9, 88, 3, 56, 73, 129, 57, 72

RERD K1.K2, B1, B2, B4, B85, B7, B8, C2,C3

B9=E£3-B7

C4=C3-C2

B&=BS-B4

GosuB 1560

GOslB 7SSe

GOosUB 1838

GosuB 2518

Gocsup 280

GOsuB 2878

IF P=1 THEN 839
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760 GOSUB 23168
770 -GOSUB 3540
780 GOSUB 3718
798 GOSUB 4329
800 GOSUB 4680
816 GOSUB 4930
820 GO TO g8€0
838 GOSUB S840
840 GOSUB 4328
850 GOSUB 6010
860 PRINT “G_G.G...PROGRAM COMPLETED"

878 END
880 REM »#» SUB:ENTER SURVEY DESCRIPTION DATAR
899 PRINT “__Area name <28 characters,max) = “;

998 INPUT As$ -
910 PRINT "Hole desisnation (7 characters.max> = "; :
928 INPUT UsS ’

920 PRINT "Date on which survey was made = “;

848 INPUT Ds$

950 PRINT "__Latitude of test hole = “;

960 INPUT LS .

970 PRINT "Lonsitude of test hole = %;

980 INPUT Os

998 PRINT “County and State (22 characters,max> = %;

41900 INPUT Cs

4010 PRINT “__Elevation of test hole = ¥;

1028 INPUT EA

1930 PRINT "Elevation of SP hole = ";

19408 INPUT E2

1058 PRINT "__Offsel of test hole from SP = %;

1060 INPUT 01 ’

1970 PRINT "_.Ture of in-hcle detector used Y16 characters, max> “;
198@ INPUT R$

1098 PRINT "TupPe of seismic source <12 characters,max) ";

1168 INPUT S$

1118 PRI "__WERE DATA OBTAINED WITH USE OF R YELOCITY CABLE? <Y OR N> ",
1120 INPUT Gs . ‘
1430 IF Gs$="¥" THEN 117a

1140 GOSUB 6220

1150 GOSUB 1450

1168 GO TO 4206

1178 PRINT "__Number of inhole cable Positions = "“;

1480 INPUT NiA

1199 PRINT "Number of detectors on cable = “;

41268 INPUT N2

4210 DIM RACNLD, R2CNLD, RICNA, N2), S1CNA), TACNLD, TSC(HL, N2>, 214<{N1, N2>
1228 MOVE 6,0

1230 PRINT

1240 RETURN

1258 REM *k SUB: INPUT DETECTOR DEPTHS AMND ARRIVAL TIMES

1260 FOR J=1 TO ML

1270 PRINT “L_DETECTOR MNUMBER, DEPTHS, ARRIVAL TIMES, “;

4280 PRINT "REFERENCE AND UPHQLE TIMES__."

1290 PRINT " NUMBER"; "™ DEPTH"; " ARRIVAL TIME"
1300 FOR K=1 TO N2 : )
43108 PRINT l‘-_ WL I, MK ",

1320 INPUT 21<J. K>

12320 PRINT "K_ "

. 1348 INPUT TS5<J, K>

1350 NEXT K

1260 PRINT "__. Reference time for cable Position "“;J; " = "
1378 INPUT R1<JD
1380 PRINT "__ Urhole time for cable Position "; 5" = ¥
1390 INPUT TadJ)
1400 PRINT “_. Shotpoint defrth atl cable Position "3 J:" = %

1418 INPUT S1<JD

1420 MOVE ©, @

1430 PRINT .
1440 NEXT J_
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PRINT "__DO YOU WRANT TO STORE OBSERVED DATR ON R TRPE?*;

PRINT * ¢(Y OR N > "
INPUT Gs

IF Gs="N" THEN 15506

PRINT "G.G_G___INSERT DOWNHOLE SURVEY DATR TAPE WITHIN 4924"
PRINT "_._WITHIN WHICH FILE ARE DATA TO BE STORED? ";

INPUT F4

FIND @2:F1

WRITE @2:MN1, N2, N3, A%, C$, D$. LS, 0%, RS, S$, US, E1, E2, 01, R4, 51, T4, 7S, 24
PRINT @2, 2:

RETURN

REM #% SUB: ENTER PLOT LIMITS

PRINT “__ENTER PLOT-LIMIT VALUES®

PRINT "__ Min. dePth of detector on Plot = %;
INPUT 29

PRINT * Max. depth of detector on Plot = %
INPUT ZO

PRINT "“__ Min. arrival time on Plot = %;
INPUT TS

PRINT * Max. arrival time on Plot = “;
INPUT TO

PRINT *__ Min. velocity on Plot = ¥;

INPUT V9 .

PRINT * Max. wvelocity on Plot = ¥;

INPUT VO

IF P=14 THEN 41730

PRINT "“__ Ref. time deviation on plot = *;
INPUT RO

PRINT "__TICKMARK INTERVALS ON PLOT"

PRINT "__ Deprth tickmark interwval = ";
INPUT M1

PRINT * Arrival=-time tickmark interval = %;
INPUT M2

PRINT * Velocitly tickmark interval = ";
INPUT M3

MOVE 0,0

PRINT

RETURN

REM #+ SUB: PRINT HEARDING, PLOT BORDERS. AND LABEL AXES
BX=B2-B1 .

Bé=85-84 .

IF P=22 THEN 1920

MOVE €1:4,8

RDRAW @1:9, 1009

RDRAW @1:1306,0

RDRAW @1:0, -100
RDRAW @G4:-122, 0

MOVE @P:B4,B2

RDRAW GP:B6. 9

RDRAW GP:08, -B3

RORAW @P:-B6, 9

RDRAW @P:0,82

IF P=1 THEN 2200
MOVE C2. B2

RDRAW C4, 0

RDRAW @, -B3

RDRAW -C4, 8

RDRAW @, B3

MOVE B7. R2

RORANW BS, A

RDRAW O, -B3

RORAW -BS, O

RDRAN G, B2

MOVE G, (BL+EB2+<(LENCNS$I>-1. SO>*K2>/2
FOR I=1 TO LENCNS)
PRINT F#

NEXT 1 .
MOVE <(B4+BS5>/2-18. S*Ki, B1~6
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2140
2156
216a
2170
2180
2190
2200
2210
2220
2238
2248
2258
2260
2270
2280
2250
2300
2210
2320
2330
2340
2350

. 2368

2370
2386
2390

© 2400

24108
2420
2430
2440
2450
2468
2470
2480
2490
2508
2516
2526
2530
2540
2550
2560
2576
2580
2590
2600
2610
2620
2620
2648
2650
2660
2678
2620
2690
2709
27180
2728
2736
2740
2756
2760
27278
2780
2790
2800
2810
2820

PRINT “OBSERVED TIME 1IN MSECY, "K_% ~
MOVE C2+K1,B1-6

PRINT "REF DEV", "K."

MOYE (B7+ES8-24%K1)>/2,B1-6 -

PRINT "INT & AVG VEL. IN M/MSEC*®, “K.*
RETURN

MOVE @1:8,15.7

PRINT @1,25:990

PRINT @1,17:K3,K4 .

PRINT @1:"VERTICAL TIME FROM SURFACE IN MSEC"

MOYE @1:7.89. 6

‘FOR J=1 TO S

RMOVE @1:8, -2

GOSUB 5040

NEXT J

MOVE @1:128,2

PRINT @1:"INTERVAL"

MOVE @1:127,18

RDRAW @1:8,8 -

MOVE @1:128, 29

PRINT @1:"AND AVERAGE"
MOVE @1:127, 49

FOR J=1 TO S

RMOVE @1:9, 2

GOSUB 5128

NEXT J

MOYVE @1%128, 62

PRINT @1:"VELOCITIES IN M/MSEC®
MOVE @1:88.5,3

PRINT @1, 25:18@

PRINT @1:Ns$

PRINT @1,25:98

PRINT @1,17:2,4. 5

MOVE @1:4. 2, 4

FRINT @1:"DOWNHOLE SURVEY AT HOLE “;U$
PRINT @1,17:K2,K4

RETURN

REM #* SUB: PLOT AND LABEL DEPTH TICKMARKS
IF P=32 THEN 2558
C1=B&/(20-29)

GO TO 2558

C1=B3/(20-29)
HA=M1*CINTCZ9/ML)+1)
G1=C(H1-29>%C1

IF P=32 THEN 2618

GOSUB 5200

RETURN

MOVE E4, B2

RMOVE ©, -G1

GOsSUB 2710

FOR I=1 TO INT<(Z26-29>/M1>
RMOVE ©, -M1+C1

Hi=H1+M1 .
IF H1=>Z8 THEN 2780
GOSUB 2710

NEXT 1

RETURN

REM #»% SUB: TICKMARK PLOTTING
RDRAW 6. 2,8

RMOVE Bé-@. 4,0 ) !
RDRANW 6. 2,0

RMOVE 1,0

RDRANW 0. 2,0

RMOVE C4-8. 4,8

RORAW 9. 2,0

RMOVE 1.8

RDRAW ©. 2,0

RMOVE £9-8. 4.0 -

RDRAW ©. 2,9
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2830
28408
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
29706
2980
2990
3000
3010
3020
3038
3040
3650
3060
3870
3080
3e%0
3100
3110
3120
3130
2140
3150
31¢0
3176
3180
31950
3200
3210
2220
3238
3240
3258
3260
3270
3280
22908
3360
3318
3320
3230
3340
3358
3360
3370
3380
3390
3400
3410
3420
2430
2440
3450
2460
2476
2480
2490
3588
3510

RMOVE -B6-B9-Ca-7. 4, ~-K2/2

PRINT USING *3D":Hi

RMOVE 5. 4, K2/2

RETURN

REM #% SUB: PLOT AND LABEL ARRIVAL TIME TICKMARKS
IF P=32 THEN 2910
C1=B3/¢TB~T9>

GO TO 2929
C1=B6/C(TO-TI>
HA=M2% ¢ INTCTO/M2Y +1)
G1=CHL-TOI*C1

IF P=22 THEN 2978
GOSUB 5430

RETURN

MOVE B4, B1

RMOVE G4, @

GOSUB 3010

GO TO 2890

REM ## SUB: TICKMARK PLOTTING
RORAW 8, 8. 2

RMOVE ©, B3-0. 4

RDRAW ©, 0. 2

RMOVE -1. 7%K1, ~B3-K2
PRINT @P: USING "3D":H4i
RHMOVE 1. 7%K1, K2
RETURN

FOR I=1 TO INTC((T@-T9>/M2>
He=H1+M2

IF HA=>TO THEN 3150
RMOVE M2%C1, 8

GOSUB 2810

NEXT 1

RETURN

REM #% SUB: PLOT AND LABEL REF TIME DEVIATION TICKMARKS
MOVE (C2+C3)>/2, B1

RDRAW 8, 8. 2

RMOVE @, B3-0. 4

RORAW @, 6. 2

MOVE C2-1. 2#K1, B1-K2

PRINT USING "2D":-R@

RMOVE K1+C4./2, @

PRINT "B"

RMOVE C4/2, 8

PRINT USING “D":RO

RETURN

REM #+ SUB: PLOT AND LABEL VELOCITY TICKMARKS
C1=89/¢(YB~-V9>

HL=M3#< INTCYI/M2I+1)

GL=CHA-Y2)%C1

IF P=32 THEN 3350

GOSUB S640

RETURN

MOVE B7,B1

RMOVE Gi, 0

GOSUB 3398

GO TO 3470

REM #% SUB: TICKMARK PLOTTING

RDRAW ©, 0. 2

RMOVE 0, B3-8. 4

RORAN @, 0. 2

RMOVE ~1. 3*K1, -B3-K2

PRINT USING "D. D":H1

RMOVE 1. 3#K1, K2

RETURN

FOR I=1 TO INTACV@-Y9)/M3)

HL=H1+M2

IF Hi=>ve-0. 01 THEN 3530

RMOVE M3+C1,8 | '

GOSUB 3338
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3520 NEXT 1

3530 RETURN

3540 REM »« SUB: PLOT ARRIVAL TIME VS. DEPTH
3550 WINDOW 8, T@-T9, 8, 20-29

356@ VIEWPORT B4, BS, B1, B2

3578 C=BO*(TB-TI)>/B6

3580 B=BO*(20-23)/B3

3590 DIM T2¢NL, N2>, Z2¢N1, N2)

2600 T2=T5-T9 _
3610 22=26-21 ‘ .
3620 FOR J=Ni TO 1 STEP -1 '
3630 MOVE T2¢J, 1), 22¢J, 1D

3640 GOSUB 5840

3650 FOR K=2 TO N2 i
3660 RDRAM T2¢J, K)=T2¢J, K=13, 22¢J, K>=22¢J, K-1)
3670 GOSUB 5840

3680 NEXT K

3690 NEXT J

3700 RETURN

3710 REM ** SUB: PLOT REFERENCE TIME DEVIATIONS VS DEPTH
3728 WINDOW -R@, R@, 8, 28~-29

3730 VIEWPORT C2,C3, B1, B2

3748 C=BG*(RG+RB)/C4

3758 FOR J=N1 TO 1 STEP -1

3768 MOVE R3¢J, 1), 22¢J, 1)

3778 GOSUB 5128

3788 FOR K=2 TO N2

3798 RDRAW R3CJ, K)=-R3I<J, K=13, 22¢J, K>=22¢J, K-1)
3800 GOSUB 5120

3810 NEXT K

38208 NEXT J

383@ DELETE T2, 22

3848 RETURN

38508 REM #« SUB: CONDITION DATA FOR PLOTTING AND COMPUTING
2860 R6=SUMCR1>/NL

3878 S@=SUMCS1)/N1

3880 UB=SUMCTL)/N1 -

3898 FOR J=1 TO Ni

3998 FOR K=1 TO N2

3918 R3¢J, K)=R1<¢J>-R6

3928 NEXT K

3930 NEXT J

3948 RETURN 4
3956 REM & CORRECT CAYITY DELAY RAND REF TIME DIFFERENCES
3960 IF Ni=1 THEN 4050

3970 R2¢1>=0

3988 FOR J=2 TO Ni

3998 R2C(J¥=0. S#CR1CII=RL¢1>+TLC(I>=T1¢1DD

4880 R1C¢JI=R1C(1>-RL¢JII+R2CI)

4818 FOR K=1 TO N2

4828 TS¢J, K>=TS¢J, K)+R1¢JII=-R2¢JI>

4830 NEXT K

4048 NEXT J

4056 K2=N1#N2-N1+1

4860 DELETE- R1, R2

4878 DIM T8CK2), Z5(K2>, 23<(K2)

4080 L=0

4898 FOR K=1 TO N2

4100 TSCKI=TSC(NL, K>

4118 Z5CKI=21¢N1, KD

4128 Z3ICKI=2S¢K>-28

4130 NEXT K

4140 IF N1=1 THEN 4250

4158 FOR J=Ni-1 70 1 STEP -1.

4168 C Ts<J+1,n2>—Ts<J,1>

4170 L-L+1

4180 Ki=<(N2-4)+L

4190 FOR K=2 TO N2

4208 T8CKL+KI=TSC(J, K>+C2
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4210
4220
4230
4240
42506
4260
4270
4280
4250
4300
4310
4320
4338
4340
4350
43260
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
44706
4480
4499
4500
4510
4520
4530
45408
4556
4560
4570
4550
4550
4600
4610
4620
4620
4640
4550
4660
4670
4680
4690
4796
4716
4720
4738
4740
4750
476a
4770
4786
47%a
4800
4810
4820
4830
4840
4850
4860
4870
4828
4890

25¢KL+KY=21¢T, K~
23C(K1+KI=ZS(K1+K>-2Z8
NEXT K

NEXT J

REM #»+ PUT ARRIVAL TIME TO APPROXIMATE VERTICAL TIME

DIM T3<K2>

FOR M=41 TO K2
TIMI=TS(MIXCOSCATNCOL/Z2ICMI O
NEXT M

M=M-2

RETURN

REM ##% SUB: COMPUTE INTERVALC(VL), RMSCV2),

=M+1
DELETE R3, TS, <24
DIM T4M>, VLMD, V2<MD, ¥3<MD, 24<MD
V1CLO=(2Z2C(LH4+S1CLD I /CTICLI+TLLD)D
Ya2<1i=vici)d
Y2(1H=v1d1)
TE=25C¢13/V1<10-T3(L)
TI=T3+T6
T4<1O5=T3<1>

‘24¢15>=25¢1)>

W=VLCAOHVACLIHTI(LD
R=24C1) .

Y=T3(1)

FOR I=2 TO M
T4<Id=TACI>-TICI -1

IF T4<¢1)>=8 THEN 4500

GO TO 451@
T4¢1)=-1
24<¢1>)=23¢I>=-23¢1-1>
V1c<I>=24<¢1>/T4<1>
W=W+V4CID*VACID*T4<I)
®=K+24<¢1)

=Y+T4CI>

V2CI>=S0R (WY

V(I H=X/Y

MNEXT 1

RETURN

REM %% SUB: PLOT VELOCITIES
IF P=32 THEN 464@

GOSUB 60408

RETURN

WINDOW 8, v9-Vv9, 0, Z8-29
VIEWFORT B7. B8, B1,B2
C=0*(Y8-Y9)>/B2

Vi=vi-v3

Y3I=YI-y3

25=20-25

REM %% PLOT INTERVYAL VELOCITIES ON CRT
MOVE Vid1), 28-29

FOR K=4 TQ S

EMOVE 8, -(Z20-29-254¢41)>)>/108
RDORAM @, ~(Z20-29-25¢1))>/108
HEXT K :

FOR K=2 TO M

RDRAM VLC(KI-VAC(K-1),0
FRORAW B8, -24<(K)>

NEXT K

REM #¢ PLOT AVERAGE VELOCITES ON CRT
MOVE VY1), 25<0

.GosuB 5120

FOR K=2 TO M

RDRAKW VYI(KI-VY3IC(K~-1>, 25¢KI-25¢(K~1)>
GOsuB 5129

MEXT K

25=2a-2S

MOVE ©, 0

PRINT. "vdmmeee ™
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4900
4910
49206
49306
49490
4950
4960
4970
4980
4990
Soe0
Seie
Soze
Se3a
Se40
Sese
Sece
Seve
5680
Sese
5168
Si1i6
5120
S126
S140
5150
5169
Si76
S180
S51906
S2098
S219
5220
5230
5240
52506
S2€0
S2re
5280
5298
5308

‘5318

5326
5330
S249

| 5359

5360
S376
5380
5390
5400
S416

.5420

5420
S440

- 5450

5466
5478
S480
5490
5500
5518
552a
5538
SS40
5556
5569
SSve
5580

Vi=y1+y9

V3=y3+V9

RETURN

REM % SUB: TABULATE RESULTS

GOSUB 7550

PRINT "_. DETECTOR DATUM SURFACE VELOCITY";
PRINT " IN M/MSEC REMRRKS"

PRINT "NO. DEPTH TIME V. TIME *;

PRINT " INTERVAL RMS. AVERAGE"
IMAGE 2D, X, 4D. D, 3%, 30. 2D, 3X, 3D. 2D, 5X, 2D. 2D, 3X, 20. 2D.3X'2D 2D
FOR I=1 TO M

PRINT USING 4999:1, 25¢1), T8I, T3C1), v1<1), ¥2¢I), V3(I)
NEXT I

RETURN

REM #** SUB: CROSS SYMBOL
RDRAW @P:~C.,0Q

RDRAW @P:2%C, @

RDRAW #P:-C, 0

RDRAW @P.0Q, B

RDRAW @P:0, -2*B

RDRAW @P:0, B

RETURN

REM #% SUB: X SYMBOL

RDRAW @P:-C. B -
RDRAW @GP :2+C, —2+B

RDRAW @P:-C, B

RORANW @P:-C, -B

RDRAW GP:2+C, 2%B

RORAW @P:-C, -B

RETURN

REM #** SUB: DEPTH TICKMARKS AND VALUES,- 4662 PLOT
MOVE @1: 12.10

KS=4 .

Ké=6. 5

Kv=0. 4

RMOVE @1:G1,0

GOosSuB 5340

FOR I=1 TO INT((ZG-29>/M1)
RMOVE @1:M1i%Ci,0Q

Hi=H1+M1

IF H1=>20G THEN 5328

GOosuB S346

NEXT 1

RETURN

REM % SUB: TICKMARK PLOTTING
RORAW @1:8, K? :

RMOVE @1:0, B2-2+K?

RDRAW @1:8, K?

RMOVE @41:8, -B3

RMOYE C@1:KS, -K6

PRINT @41: USING "3D":H1

RMOVYE @1:-KS. K6

RETURMN

REM #% SUB: TIME TICKMARKS AND VALUES, 4662 PLOT
MOVE @1:12, 186

KS=1

Ké6=2. 5

RMOVE @1:0, G1

GOsuB T579

FOR I=1 TO INT{C(TO-TS)>/M2)
RMOVE @1:0, M2%C1i

Hi=H1+M2

IF Hi=>T0 THEN 5568

GOsUB 5570

NEXT 1

PRINT @41,7

RETURN

REM #% SUB: TICKMARK PLOTTING
RDRAW @4.:K7, 9

27
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5590
S6aa
5610
Sé620
S620
S640
5656
5660
Séve

- Sese

5620
S7ee
S7ie
S7z2e
S73e
S740
S7Se
5760
S77e
5780
S798
5800
S819
S829
5820
5840
5850
5860
S870
5889
S8sa
Soee
$918
Soze
5928
S940
5950
5969
5970
5989
5996
€000
€010
€828
6828
6@40
6050
6860
€070
€080
6090
6100
€110
6120
6120
6140
€158
6160
6170
é1¢g@
6190
6208
€210
6220
6230
€240

6250

6260

. 6270

RORAW @1:-K?7.,0
RMOVE @1:-KS. -K§&

PRINT @1: USING "23D":H1
RMOVE @1:KS, Ké

RETURMN

REM #+ SUB: VELOCITY TICKMARKS AND VALUES, 4662 PLOT

MOVE @1:122,10

KS5=3

K6=-2. §

RMOYE @1:0. G1

GOsSUB S770

FOR I=1 TO INT((VYO-V3)>/M3>
Hi=H1+M3

IF H1i=>¥8-8. 81 THEN S76e
RMOVE @1:0, M3*Ca

Gosue S770

NEXT I

RETURN

REM #*% SUB: TICKMARK PLOTTING
RORAW @1:-K?7,0 i
RDRAW @1:K7,0

RMOYE @1:KS, K6

PRINT @1: USING "D.D":Hi
RMOVE @1:-KS, -K6

RETURN

REM % SUB: PLOT VERTICAL TIME FROM SURFACE VS.

WINDOKW 9, 28-29, 8, To-T3

VIEWNPORT B4, BS, B1, B2
DIM T7(M+1>, Z7(M+1D

BO=@. 5

C=B0*(20-29>/B6
=R0*(TO-TA>/B3
T7=T3-T9

27=25-29

MOVE @1:27C41), T?<¢4)D
Gosug Se40

FOR I=2 TO M+1

RORAN @1:27CI)-27C1-1), T7C1>=-T7C(I-1>
Gosue Se4e

NEXT I

GELETE T7.27

RETUPN

REM #*% SUB: PLOT INTERVAL AND RVERAGE VELOCITIES,

NINDOQW 8, Z29-22, 3, VBe-Y9
VIEWFORT B4, BS, B1,B2
Ba=9. S ’
B=BE+(VB-Y9>/B3
Yi=¥1-Y9
V3I=Y3-Y3
REM ++PLQOT INTERVAL YELOCITIES
MOVE @1:0, V1d{1)
FOR K=1 TO S
RMQVE @1:<(Z2S{(1>-29>/10, 0
RORAW @1:(25¢15-295/106. 0
MEXT K~
FOR I=2 TO M
RORAW @1:0, Y1<(I)>-V1C(I~-1)>
RDRAW ©1:24<(1>,8
NEKXT 1 .
REM #** PLOT AVEPAGE VELOCITIES
MOVE @1:25¢15-29, V3(1)
=@, 848
C=0. 8xC
GOSUE S120
FOR I=2 TO M
RDRAW @1:2SC(13-25¢I~-15, ¥3I<IO>=-Y3(I-1>
GOsSUB S12©
NEXT 1 -
Yi=vi+v9

28
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6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6350
6400
6410
6420
6430
6440
6450
6460
6470
6480
6450
6500
6510
6520
6530
6540
6550
6560
6570
65280
6590
6600
6610
6620
6620
6640
6650
6660
6670
6680
6650
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
€800
6810
6820
6820
6840
6850
6860
6879
6820
6820
6900
6910
6920
€930
6940
6950
6960

V3I=Y3+V9

WINDOW O, 1506, 0, 100

VIEWPORT 0O, 150, 0, 100

MOVE @1:150, 100

RETURN

REM » SUB: DATA ENTRY WHEN VELOCITY CRBLE NOT USED
PRINT "L_NOTE: WHEN DATA FROM A SINGLE-DOWNHOLE-SEISMOMETER SURVEY"
PRINT * ARE ENTERED, NO DUPLICATE-DEPTH ARRIVALS ARE ALLOWED. "
PRINT "__Number of downhole setsmometer Pos»txons =";

INPUT N2

Ni=1 /——6380 N3=2

DIM RLCN2D, R2CN2>, RICNL, N2), S1CN2), T8CN2), TLCN2), T2<¢N1, N2>, T3<{N2)
DIM TSINL, N2>, TPCN2Y, 2S<CN2Y, 24 (ML, N2), Z22C(N1, N2, Z3C(N2), Z7<(N2)>
PRINT "__ENTER: DETECTOR DEPTH, ARRIVRL TIME, REF. TIME,";

PRINT " UH TIME, AND SP DEPTH.."

PRINT “"NO. “; * DEPTH"; " ARRIVAL TIME™; ™ REF TIME";" UH TIME";
PRINT " SP DEPTH" :

FOR J=1 TO N2

PRINT " llj J,. " '0'.

INPUT Z24¢4., 3D

25¢I>»=21¢4, 1)

PRINT “K. ";

INPUT TS<d4,J> o ..

PRINT "K_ : "5

INPUT R4<ID . :

PRINT "K. ";

INPUT T1<ID

PRINT "K_ ' .
INPUT S4<D)

NEXT J

RETURN

FEM #x SUB: CONDITION DATA FOR COMPUTING AND PLOTTING
RE=SUMCRLI /N2

SO=SUMCS1O/N2

Ug=SUMCT1>/N2

FOR K=1 TO N2

R2(1, K>=R1<(K)-R6

NEXT K -

R2¢1)>=0

FOR J=2 TO N2 .

R2¢JI>=0, S4(R1{JI>-RL¢LD+TA(I)>~ Ti(i))

RACII=RLICAI~RLCII+R2C(ID

TS<1, I>=TS<C1, J)+R1<(I>-R2<(I)

NEXT J _

DIM TICN2Y, TSCN2), 23<N2), ZSCN2>

FOR J=1 TO N2

T8CI>=T5¢1, J>

25¢I>=21<¢1, >

22(J>=25¢J>-28

T3I(II=T8LI>*COSCATNCOL/23¢I>))

NEXT J

M=N2-1

RETURN

REM #% SUB: PRINT DATA ENTERED FROM TAPE OR KEYBOARD
PRINT "__ HERDER INFORMATION FROM FILE “;F1
IF N2=2 THEN 6870

PRINT "MUMEER OF CABLE POSITIONS <¢Ni)> ="; N1

PRINT "NUMEER OF SEIS/CRBLE (N2> =";N2

GO TO e8c0 -

PRINT “"NUMBER OF DETECTOR POSITIONS = ";N2

PRINT "AREA (As$> = "; A%

PRINT "HOLE DESIGMATION (Us$> = "; Us

PRINT “COUNTY AMD STATE <(C$> = “;Cs$

PRINT "DATE DATA TAKEN (D$> = “;Ds

PRINT "LATITUDE <L$> = ";L%:;" AND LONGITUDE <O$)> = "; 0%
PRINT "DETECTOR TYPE (R#>="; R%$; “ AND SOURCE TYPE (S$b>=";SS$
PRINT “ELEVY OF TEST HOLE (E1> = ";E4;"; ELEVY OF SP HOLE <E2> = “;E2
PRINT "SP TO TEST HCLE DIST <01> = ";04

IF N3=2 THEN 6580 :
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GO TO 7610

DIM RLCN2), SLCN2), TLCN2), TSCL, N2>, 21¢1, N2>

Ni=N2

GO TO 7020

DIM RLCHL), SLCNLY, TLCNLD, TSCNL, N2D, 21<N1, N2>

IF F1=0 THEN 7@S@

FIND @2:F1

READ @2:N1i, N2, N3, RS, C$, DS, LS, 0%, R$, S$, US, E1, E2, 01, R4, S1, T4, TS, 21
IF N3=1 THEN 7100

Ni=N2 . ' :

PRINT "__SEIS. NO."; " REFERENCE TIME “; " SHOT DEPTH ";" UP";
PRINT “HOLE TIME"

GO TO 7130 )
PRINT *__CABLE NO.“; " REFERENCE TIME ";* SHOT DEPTH ";" UP";
PRINT "HOLE TIME"

IMAGE 2X, 2D, 9%, 3D. 2D, 9%, 3D. D, 9%, 3D. D :

PRINT * J R1<CJ) S1<I> TaCIO"

FOR J=1 TO N4 :

PRINT USING ?7128:J, R1<J), S1<JI>, T2<ID

NEXT J

PRINT

J=1

IF N2=2 THEN 7230

FOR J=1 TO N1

IF N3=2 THEN 7230

PRINT “FOR CABLE POSITION "; J; ":

PRINT “SEIS NO. *; * ARRIVAL TIME™; " SEIS DEPTH"
PRINT * K TSCY I " KD 21<¢" I "L KO
FOR K=1 TO N2

IMAGE 2X. 2D, 8X, 4D. 2D, 9X, 2D. D

PRINT USING 7260:K, TS<J, K>, 24¢J, K>

NEXT K

IF N3=2 THEN 7310

NEXT J

RETURN ‘

REM ** SUB: ADJUST OR CORRECT ARRIVAL TIME

PRINT "__DO ¥Y0OU WANT TO ADJUST <OR CORRECT> ARRIVAL TIMES?";

PRINT * <Y OR N> *;

INPUT Gs$

IF Gs="N" THEN 7540

PRINT "L_MANUAL ENTRY OF VALUES FOR ADJUSTING ARRIVAL TIMES”
PRINT "__NO. OF DETECTOR WHOSE ARRIVAL TIME IS TO BE ADJUSTED = “;
INPUT J

PRINT “Ko

INPUT K

PRINT * For detector ";J; ", ";K; "™ at a depPth of ";21<(J.Kd; ", "
PRINT “old arrival time = “; TSC(J,K>; ", new arrival time is to = ";
INPUT TS5¢<J. K>

PRINT "__.DO ¥YOU WANT TO ADJUST OTHER ARRIVALS? (¥ OR N> “;

INPUT GS$

IF G#="N" THEN 7490

GO TO 7250

IF F1=0 THEN 7540

PRINT "__DO YOU WANT TO STORE RDJUSTED VALUES? <Y OR N> *;
INPUT G%

IF G$="N" THEN 7540

GOSUB 1420

RETURN

REM #+ SUB: PRINT HEADING ON CRT

WINDOW ©, 138, 8, 1606

VIEWPORT @, 120, @, 1008 v .

IMAGE "L_DOWNHOLE SURVEY, HOLE:"*, 7R, " AREA:", 20R, "DATE: ", 12R
PRINT USING 7S88:US$, A%, DS

IMAGE “LAT: “,10A,"; LONG: ",14R,"; ",23A," FILE NO:",3D

PRINT USING 7680:L%, 0%, C$, F1 .
IMAGE"HOLE ELEV=", 4D. D; 3X, "SP ELEWY=", 4D. D, 3%, 13R, 2D. D, 23X, 12A, 2D. D
PRINT USING 7629:E1. E2, H$, S8, 1%, U2

IMAGE"DETECTOR: ", 16A, * SEISMIC SOQURCE:", 12A, 2X, "HOLE OFFSET=",2D.D

PRINT USING 7648:R%, S$, 01
RETURN
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THE INHOLE SURVEY PROGRAM

An inhole survey, as we use the term, is one in which both the seismic
source and detectors are positioned within the same borehole. This data-
acquisition procedure is used to produce a more detailed examination of the
velocity structure both within and bounding a coal-bed sequence. By placing
the seismic source closer to the detectors and by using a less powerful source,
it is possible to develop higher frequency arrivals at the detectors than if
the source were located near the surface. Not only would the near-surface
source have to be stronger, but also the down-going seismic wave would have
to travel farther and do so through the more absorptive near-surface layers.

Figure 13 shows a typical field setup for conducting an inhole survey.
In this example, the source is positioned 3.5 detector intervals beneath the
lowest detector on the velocity cable. To avoid damaging the velocity cable,
an explosive-type seismic source must be located below the velocity cable.

Interval velocities are computed by dividing the distance between a
detector pair by the difference in first-arrival time to that detector pair;
average.velocities are computed by dividing the distance from the source to
the detector by the first-arrival time to that detector. No correction for
offset of the check-shot (surface) seismometer from the test hole is made
because in most application this offset is considerably smaller than the
source depth; thus, a cosine correction would be negligible.

In the sample problem that follows, the section from a depth of 68 to
108 m is examined using four inhole arrays. Separation between each of the
11 velocity~-cable detectors is 1 m, and the bottom detector is 5 m above the
source of each case. First-arrival times to the inhole detectors are entered
to the nearest 0.0l msec, and check-shot times (the first-arrival time from

the source to the surface seismometer) are entered to the nearest 0.1 msec.

b &



Figure 13.

ELEVAT!ON OF SURFACE SEIS.

SURFACE SEISMOMETER
(CHECK SHOT SEIS.)

CABLE
POSITION 2

SOURCE
POSITION 2

CABLE
POSITION |

SOURCE
POSITION |

P,

uunuun@nxuunxuxnuuuu

! SURFACE
—t|| SEISMOMETER
! OFFSET
- \
s
N

-« DETECTOR 2,2

DETECTOR 2,12
DETECTORI,2

—— DETECTORI, 12

Field setup for conducting a velocity-cable inhole survey.

In éhis

example, the seismic source is positioned 3.5 detector intervals beneath
the number 12 detector on the velocity cable.

-
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As in the previous sample problem, those quantities to be entered from the
keyboard are enclosed in boxes.

Figure 14 is a copy of the screen display showing the first page of
information required by the inhole survey program. The program requires that
the RETURN key be struck after each entry and that the HOME-PAGE key be
struck after the last entry on each page.

Figures 15 through 18 are copies of the screen display after the sho£
depth, check~shot time, detector depths, and arrival times at the detectors
have been entered for each of the four cable positions.

In figure 19, the command has been given to store the entered data on
file 26 and then recall and print these data. Figures 20 and 21 are copies
of the screen display showing a continuation of the print of data within
file 26. 1In this éase, no entry errors are obvious. 'Thus in answer to the
first question at the top of the figure 22, a "N" was entered.

Figure 22 is a copy of the screen display showing the responses to be
given for plot limits, tickmark intervals, and choice of plot device.

Figure 23 is a copy of the screen display of the plots produced by the
inhole survey program after entries as shown in figures 14 through 22 have
been made. Note that the display of the interval ﬁelocities clearly indicates
lower velocity material is present in the section being studied. There
appear to be two thin coal beds (if, indeed, from experience in the area we
had established that low velocity layers were most probably coal beds) near the
top of the investigation section, and there appears to be either two thicker
beds or perhaps one thick bed and a 2-m parting near the center of the
detailed section. Also, the material beneath the lowest coal beds appears

to show a gradual increase in velocity with depth.

-
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Figures 24 and 25 are copies of the screen display showing tabulations
of observed data and computed results for the inhole-survey sample problem.
Now let us assume that prior mapping in this area has not revealed the
existence of two thin coal beds near the depth of about 75 m. And let us
further assume that we have gone back to the original data and determined
that the arrival time at the 4,12 detector was in error. The display at
the bottom of figure 25 shows how this correction in arrival time would be
entered. ‘

Figure 26 shows a copy of the screen display of the plots after the
corrected value has been stored in file 26 and the program rerun, this time
calling the data from a file rather than reentering them from the keyboard.
Figure 27 is a copy of the last half of thedata tabulation showing the
corrected value. Note on figures 26 and 27 how a change in arrival time of
only 0.1 msec can markediy change the results--the lower thin coal bed no
longer appears to exist.

Figure 28 shows the information to be entered when a report-quality plot
from the 4662 plotter is to be made. The result of entering the information
on figure 28 is shown in figure 29. Even though the interval velocity plot
is jagged, it nevertheless shows in far more detail than the downhole survey
(fig. 12) the depths and thicknesses of probable coal beds. Also, a synthetic
seismogram constructed with use of those velocity variation shown on figure 29
would have a better chance of looking like the observed seismograms of a high-
resolution refleetion survey than if the synthetic seismogram had been built

upon the results obtained with a downhole survey.
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DO YOU WANT TO CHANGE ANY ARRIVAL TIMES? (Y OR H> ¥

ENTER VALUES TO CHANGE ARRIVAL TIMES

For detector number (ordered pair), see tabulated values
MO. OF DETECTOR WHOSE ARRIVAL TIME 1S TO BE CORRECTED = 4;12'

For detector 4,12 at a depth of 78,
old arrival time = 1.82) new arrival time is to = 1,92

Copy of screen display showing tabulation of observed data and computed results for the

Also shown is the arrival-time change procedure.

inhole cable at its third and fourth positions.

Figure 25.
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DO YOU WAHT TO CHAHGE AHY ARRIVAL TIMES? <Y OR WH> N

PROGRAM COMPLETED

Copy of screen display showing last half of tabulation of observed data and co

Figure 27.

mputed results

(See bottom of fig. 25.) First half of tabulation is the same

Note change in velocities produced by arrival-time correction at detector 4,12,

after arrival-time correction was made.

as that shown on figure 24.
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INHCLE SURVEY AT HOLZ 79-101A

ARRIVAL TIME IN NILLISIC  +++++++

2 T3 4 s e
//‘“

/

v A 1

701

75

89t

00
N

DEPTH IN METERS
© ©
0N ©

189

185¢

11

A

.8 > | > 4 > 7
INTERVAL VELCCITY IN METERS/MILLISEC. \

Figure 29. Reduced copy of report-quality plot produced by the 4662 plotter
after information of figure 11 was entered. Original dimensions of the
outer border were 25.4 by 33.0 cm. Information needed to write a figure
caption can be obtained either from the 4~line label printed across the
top of the screen display plot (fig. 23) or the data tabulation (fig. 24).
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7’50

Listing of program for inhole-survey data

PRINT “L_ YOU HAYE SELECTED PROGRAM TO ENTER., COMPUTE,

PRINT * . - DISPLAY, RAND STORE INHOLE SURVEY DATA"
INIT
DIM R$<20)>, B$C(21), CE(23), DECL2), FHCI), G$C(L), HE(24), L$C18D

DIM MN${AS), 0£C11), R$C16D, S$C12), USC?), WA
DATA 32,1, "DEPTH IN METERS", "ARRIVAL TIME IN NILLISEC"
READ P. @, N$, HS

PRINT "__DO YOU WANT TO COMPUTE AND PLOT THOSE DHTH STORED"
PRINT "OH AM INHOLE-SURVEY DHTH TAPE? <Y OR N> ¥;
INPUT Gs

IF Gs$="N" THEN 220

PRINT "G_G.G_-__-INSERT INHOLE-SURVEY DATR TRAPE WITHIN 4324"
PRINT “__WITHIN WHICH FILE ARE DATA STORED? ";
INPUT F1

FIND @2:F1

RERD @2:N1, N2, N3

IF N3=3 THEN 290

PRINT "G.G_G.__ERROR--INHOLE SURVEY DATRA NOT SELECTED"
GO TO 479

DIM RACNL), SACNLY, TSCNAL, N2), 25<¢N1, N2)

FIND @2:F1

RERD @2:N1, N2, N2, A$, CS, D8, L. 0%, Rs$, S8, US, E4. E2, 01, R4, S1, 54, TS, 25
GO TO 35@

F1=0

GOSUB 599

PRINT "__DO YOU WANT TO SEE TAPE OR ENTERED DATA? <Y OR N> *;
INPUT Gs

IF Gs$="N" THEN 400

GOSUB 4260 .

Gosue S228

GOSUB 12196

GOSUB 1420

GOSUB 1629

GosuB 2260

Gasur 25296

GOSUR 2g10

DIM S2<(M1>

FOR J=1 7O N1

S’(J)=ZS<J,12)-ZS(J.11)

NEXT J

Gosue 38?8

GOSUR 3z7a

Gosue ~=98

GOSuUB 2498

IF P=1 THEN 570

GosuB 3729

GOsSUR 5226

PRINT "G. G-G-_-PROGRRM COMPLETED"

END

REM #*% SUB:ENTER SURVEY DESCRIPTION DATR

PRINT "__Area name <20 characters,max? = “;

N3=3 :

INPUT RS

PRINT "Hole desienation (7 characters,max) = ¥;
INPUT US$

PRINT "Date on which survey was made = ¥;

INPUT D%

PRINT "__Latitude of test hole = ;

INPUT Ls$

PRINT "Lonsitude of test hole = ";

INPUT Qf

PRINT "County and State (22 characters,max> = *;
INPUT Cs

PRINT "__Elevation of test hole = *;

INPUT E1 -

PRINT "Elevation of check-shotl seismometer = “;
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768
’7e
780
790
800
810
820
830
840
850
860
870
88e
890
900
910
920
93e
940
950
960

INPUT E2

PRINT "Offset of check-shol seismometer = *;

INPUT 01 :
PRINT "__Tuyre of in—-hole detector used (16 characters,max> %;
INFUT Rs$

PRINT "TuyrPe of seismic source <12 characters.,max) “;
INPUT S$

PRINT "__Number of cable pPositions = %;

INPUT N1

PRINT "Number of detectors on cable = %;

INPUT N2 )

N2=N2+1

DIM S1<NAY, TSCNA, N2), 25<N1, N2)

MOVE 8,08

PRINT

REM *x INPUT DETECTOR DEPTHS AND ARRIVAL TIMES

FOR J=1 TO Ni

25¢J, 1LO>=E1~-E2

PRINT "L_.DEPTH OF SHOT AT SHOT POSITION ";J; % = ;.
INPUT S1<3)D

PRINT "__DETECTOR DEPTH, ARRIVAL TIME, AND CHECK~-SHOT TIME";

970 PRINT " AT CABLE POSITION ";J
980 PRINT "__TIME AT CHECK-SHOT SEIS = “;

990

1000
1010
1020
1820
1040
1050
1060
1870
1080
1090
1100
1110
1120
1130
1140
1158
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1200
1310
1320
1320
1340
1250
1360
1378
1380
1330
1400
1410
1420
1430
1440

INPUT TS<J, 1)

PRINT “__. NO."; "% DEPTH"; * ARRIVAL TIME®
FOR I=2 TO N2

PRINT "__ "; I "3

INPUT 25¢J, 1> .

PRINT "K. "3

INPUT T5<J. ID

MEXT 1

MOVE ©, 8

PRINT

NEXT J

PRINT “__DO YOU WANT TO STORE OBSERVED DATA ON A TRPE?";

PRINT " (¥ OR N > '
INPUT G$
IF Gs$="N" THEN 1210

PRINT "G_G_G___INSERT INHOLE SURVEY DATA TAPE WITHIN 4924"
PRINT “__WITHIN WHICH FILE ARE DATA TO BE STORED? “;

INPUT F1
FIND @2:F1

WRITE @2:N4, N2, N2, As, C$, DS, LS, 0%, RS, S$, US, E1, E2, 01, S1, 51, 51, TS, 25

PRINT @2, 2:
RETURN
REM #% SUB: ENTER PLOT LIMITS

PRINT "__ENTER PLOT-LIMIT YALUES"

FRINT "__. Min. derlth of detector on Plot = %;
INPUT 29

PRINT ¢ Max. depth of detector on plot = ";
INPUT 20

PRINT "_. Min. arrival time on Plot = ";
INPUT T3S

PRINT * Max. arrival time on Plot = “;
INPUT TO

PRINT *__ Min. velocity on Plot = ";

INFPUT VO

PRINT *» Max. velocity on Plot = ";

INPUT VO

PRINT "__TICKMARK INTERVALS ON PLOT™

PRINT "__. Depth tickmark interval = “;
INPUT M1

PRINT " Arrival—-time tickmark interval = ";
INPUT M2

PRINT * Velocitly tTickmark. interval = ";
INPUT M2

RETURN

REM »% SUB: PRINT SURVEY-IMFORMATION DATA

PRINT “__DO YOU WANT TO PLOT ON THE 46622 <Y OR N> *;
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1470
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1490
i5ae
151@e
1529
15306
154¢
1550
1569
i15ve
1586
159a
16060
1610
1620
1630
1640
165e
1660
1679
16886
16906
1760
ivi0
172e
17306
iv40
1756
1760
i77e
1786
i79a
1200
ig1ie
1820
1820
ig40
1858
1860
i8ve
1880
18906
1s%eg
1910
1920
1920
1940
1950
i9¢€@
1970

1920,

19%a
2000
2010
2020
2020
2040
2858
2060
2070

. 2880

2098
2100
2110
2120
2130

INPUT Gs

IF G$="v¥" THEN 1598

MOVE 9,0

PRINT

IMAGE"L_INHOLE SURVEY, HOLE:", 7R, 2X, "ARERA:*, 20A, ¥, "DATE: *, 12A
PRINT USING 1496:US$, A%, D$ '
IMAGE "LAT: ",48AR, "; LONG: ", 1iR,"; ", 23R, " FILE NO:", 2D
PRINT USING 1510:L%.0s.Cs$, F1 .
We="CHECK SEIS. "

IMAGE"HOLE ELEV=", 4D. D, S5X, 11R, " ELEVY=", 4D. D, SX, 11R, * OFFSET=", 2D. D
PRINT USING 1540:E1, Ws, E2, Ws, 01
IMRGE"DETECTOR: *, 16R, 20K, "SEISMIC SOURCE:", 12A
PRINT USING 1560:R$, S$

RETURN

RESTORE 1600

DRTA B. 75,9. 75,0. 75,1, 2, 2,10, 95,12, 122

READ C;B»BG;P,K3oK4a81a32aB4:35

RETURN

REM ##% SUB: PLOT BORDERS AND LABEL HXES

WINDOM 2, 1320, 8, 180

VIEWPORT 6,120, 0, 160

IF P=1 THEN 1729

RESTORE 1680

DATAR 8. 5, 4. 792, 2. 216, 3,88, 3, 69, 70, 129

READ BB, K1, K2, B1, B2, B4, BS, B7, B8

B9=B3S-B7

GO TO 4i7se

MOVE @1:0.0

RORAW 21:0, 1600

RORAK 01:130,0

RDRAW @1:0, -100

RDRAW @G1:-130, 0

B9=B2-B1

BX=p2-B1

B5=B5-84

MOYE GP:B4, B2

RORAW @P:B6. 0

RDRAW @P:06, -83

RDRAW @GP:-B6, 9

RDRAW @GP:8. B3

IF P=1 THEN 2010

MOYE B?, B2

RDRAW B9, 8

RDRAW 9, -B23

RDRAKW ~-B92, 8

RDRAW 8, B3

MOYE 8, (BL+B2+(LENCNS)>=-1. S5O>%K2>/2

FOR I=1 TO LENCNSO

F$=SEG(N$. I, 1)

PRINT Fs$

NEXT I

MOYE <(B4+BS)/2-12%K41, BL-6

PRINT H$, "K_"

MOYE (B7+B8-29%K1)>/2, B1-6

PRINT “IMTERVAL VELOCITIES IN M/MSECY, "K."
RETURN

MOVE @1:8,22

PRINT @41, 25:906

PRINT @1:HS$

MOVE @1:7,84

FOR J=1 TO 7

RMOVE @1:8, -2

GOSUB 3898

NEXT J

MOVE 01:128,20. 5

PRINT @1:"INTERVAL VELOCITY IN METERS/MILLISEC"
MOVE @1:86,3

PRINT @4,25:480

PRINT @1:NS$
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2140 PRINT @1,25:90

2158 MOVE @1:4,7

2160 PRINT @1,17:3,4.5

2170 PRINT @1:"INHOLE SURVEY AT HOLE ";Us$
2120 PRINT @1,17:K3, K4

‘2190 RETURN

2298 REM *+ SUB: PLQT AND LABEL DEPTH TICKMARKS
2210 IF P=32 THEN 2240

2220 C1=B6/¢20-29>

2230 GO TO 2250

224@ C1=83/¢Z0-29)

2250 Hi=MixCINTC29/MLd+1)

2260 Gi=(H1-29>*C1

2270 IF P=32 THEN 2300

2280 GOSUB 3979

2298 RETURN

2300 MOVE B4, B2

2318 RMOVE @, -Gi

2320 GOSUB 2400

2330 FOR I=1 TO INT(<Z28-29>/M1)
2340 RMOVE 8, -M1*C1

2358 Hi=Hi+M1

2360 IF H1=>28 THEN 2390

2370 GOSUB 2400

2386 NEXT 1

2398 RETURN .

2400 REM »* SUB: TICKMARK PLOTTING
2410 RORAW 9. 2,8

2420 RMOVE B6-8. 4,0

2430 RORAW B. 2, ©

2440 RMOVE 1,0

2450 RDRAW 0. 2,0

2460 RMOVE B9-8. 4,0

2479 RDRAW 0.2, @

2480 RMOVE -B6-B9-6. 4, -K2/2
2490 PRINT USING "2D":Hi

25008 RMOVE S. 4, K2/2

2510 RETURN

2528 REM s+ SUB: PLOT AND LABEL ARRIVAL-TIME TICKMARKS
253@ IF P=32 THEN 2560

2540 C1=B3/(T0-T9)

2559 GO TO 2578

2560 C1=B6/¢T@-T9

2570 Hi=M2xCINT(TS/M2>+1>

2588 G1=C(H1-T9>#C1

2590 IF P=32 THEN 2620

2608 GOSUB 4208

2610 RETURN

2620 MOVE B4, B1

2620 RMOVE Gi,©

2640 GOSUB 2660

2659 GO TO 2748

2660 REM »+ SUB: TICKMARK PLOTTING
2670 RORAW @,@.2 -

2680 RMOVE O, B3-0. 4

2698 RORAW ©, 0. 2

2700 RMOVE -1. 7+K1, ~B3-K2

2710 PRINT @P: USING “3D":Hi
2720 RMOVE 1. 7#K1i, K2

2738 RETURN

2740 FOR I=1 TO INT((TB-T9>/M2>
2750 Hi=Hi+M2

2768 IF H1=>T@ THEN 280@

2770 RMOVE M2*Ci, 0

2788 GOSUB 2668

2790 NEXT 1

2868 RETURN

2810 REM #% SUB: PLOT AND LABEL VELOCITY TICKMARKS
2820 C1=B9/(V0-VS)> _
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2830 Hi=MI%(INTCVO/MIO>+1)
2840 Gi=C(H1-Y2)>*Ci
2858 IF P=32 THEN 2880
2860 GOSUBR 4400
2870 RETURN
2820 MOVE BV, B1
2890 RMOVE Gi1.,0
. 2900 GOSUB 2926
29106 GO TO 2000
2920 REM =»* SUB: TICKMARK PLOTTING
2930 RDRAW ©,8. 2
2940 RMOVE @, B3-0. 4
2956 RDRAW @, 8. 2
2960 RMOVE -1. 3*K1, -B3-K2
29708 PRINT USING "D. D":H1
2980 RMOVE 1. 3*Ki, K2
2990 RETURN
3008 FOR I=1 TO INTC((VB-VYI)>/M3>
3618 Hi=H1+M2
3020 IF Hi=>V@-8. 81 THEN 3060
3038 RMOVE M3%C1,08
3048 GOSUB 2920
3050 NEXT 1
3060 RETURN
3070 REM =% SUB: PLOT INHOLE ARRIVAL TIME VS. DEPTH
3080 DIM T2(Ni, N2>, 22<¢(N1, N2>
3890 IF P=22 THEN 3120
31900 GOSUB 4610
31168 RETURN
3120 WINDOW @, TO-T9, @, 20-29 .
3130 VIENPORT B4, BS, 1., B2
3148 C=Ro*(TB-T93/B6
3150 B=E@+(Z20-29)>/B3
3168 T2=TS-T9
3170 Z22=28-25
3180 FOR J=1 TO N1
318@ MOVE 8, 26-S1<¢I)
3288 RDRAW T2(J, N23, 22¢J, N2>~28+S1<(J>
3218 GOsSUB 2890
3220 FOR K=N2 7O 2 STEP -1
3230 RDRAW T2(J, K-1)>-T2<J, K>, S2¢JI>
3240 Gosue 3899
3250 HNEXT K
3260 NEXT J
3279 RETURN
3280 REM ##% SUB: COMPUTE INTERVAL YELOCITIES
3298 FOR J=1 TO N2
3388 VidJ, 1)>=Y2<(J, 1>
3310 V1dJ, N2>=V2<(T, N2>
33286 FOR K=2 TO N2-1
3330 Y1.(J, K3=S2<JI)2 /¢TSI, K3~-TSCJI, K+13>
3348 NEXT K
3350 NEXT J
3260 RETURN
3370 REM =+ SUB: COMPUTE AVERAGE VELOCITIES
3280 DIM DI(NL, N2>, VA (ML, N2), V2N, N2)>, Y3I(NL, N2>
3398 FOR J=1 TO N1
3480 VY3(J, 13=51<I>/TSCI, 1>
24108 D3I<CJ, 15=S1<J>+E2-E1
2420 25¢J,1>=E1-E2
3430 FOR K=2 TO N2
3448 D3<(J, K>=51(J>-25(J, K>
3458 VY2(J, K>=D3(J, K3/TS<CJT, K>
3468 NEXT K
347@ NEXT J
3488 RETURN
3490 REM *% SUB: PLOT INTERVAL VELOCITIES
3500 IF P=322 THEN 35308
3510 GOSUB 47s@
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3520
3538
3540
3550
3560
3570
3580
3550
3600
3610
3620
3630
3640
3650
2660
3678
3680
3699
3760

- 3710

3720
3730
3740
3750
3760
3778
3780
3790
3898
38180
3g20
38238
3840
28560
3860
3870
38806
2890
3908
3918
3928
393a
3940
3356
39€8
3978
3920
3398
4000
4810

4020

40306
4040
4852
4060
4870
4020
4@92
4100
4110
4129
443@
4149
4150
4160
4170
4180
4190
4200

RETURN

WINDOW 8, ve-V9, 8, 28-23
YIEWPORT E7, BS., B1, B2
C=BO*(V03-Y3>/B3

va2=vi-v9

22=29-25

MOVE VAN, 25-VS8, Z2<N1, 2>
FOR J=Ni 7O 1 STEP -1
DRAW Y2<J, 2>, 22¢J, 2>
RDRAW 8, -S52¢J>

FOR K=2 TO N2-2

RDORAW V2<J, K+1>-v2<¢J, K>, @
RDRAW 8, -S52<¢J>

NEXT K

NERXT J

RDRAW v2<1, N2>-V2(1, N2-1),
RDRAW 9, 25¢1, N2>-51<1>
MOVE 8,0

RETURN
REM #* SUB: TABULATE RESUL
GOSUB 1499

PRINT “.... DETECTOR SHOTPOINT. SP-DETECTOR

PRINT "VELOCITIES
PRINT * MNO. DEPTH DEPTH
PRINT "INTERVAL AVERAGE..."

IMAGE 2D, *, ", 2D, 4D. D, 4%, 3D. D, 3K, 2D. D, X, 2D. 20, 3K, 2D. 2D, 3K, 2D. 20

FOR J=1 TO N1
FOR K=1 TO N2

FRINT USING 2788:J, K, 25¢J, K2, S1¢JJ, D3¢J, KD, TSCJ, K3, ¥1<J, K>, ¥3<J, K>

IF K=>2 THEN 2858
PRINT “K.

PRINT “CHECK SHOT"
NEXT K

PRINT

MEXT J

RETURN

REM =#% SUB:CR0OSS SYMBOL
RORAW GP:-C, ©
RDRAW @P:2+C, 0
RDRAW @P:-C, 0
RDRAW @P.0, B

RDRAW BP:9, -2*B
RDRAW @P:Q, B
RETURN

REM ## SUB: DEPTH TICKMARKS AND VALUES.

MOVE - @1:12, 10

KS=1

Ké=6. 5

K7=0. 4

RMOVE @1:G1,@

GOsuB 4110

FOR I=1 TO INT<KZ2@-23>/M1i)
RMOVE @1:MixC1.0
Hi=Hi+M1

IF Hi1=>20 THEN 4100
GOsuUB 41109

NEXT 1

RETURN

REM »% SUB: TICKMARK PLOTT
ROPAN @1:0, K7

RMOVE @1:9, B3-2+K?
RDRAN @1:0, K?

RMOVE @G1:0, -B2

RMOVE @1:KS, -Ké

PRINT @1: USING "“3D":Hi
RMQVE @1:-KS, Ké

RETURN

REM #+ SUB: TIME TICKMARKS RAND VRLUES;

8

TS

REMARKS"
DIST.

ING
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42106
4220
4230
4240
4250
4260
4270
4280
4290
43008
4310
4320
43306
4340
4250
4360
4370
4380
4399
4400
4410
4420
4430
4440
4450
4469
4470
4480
4490
4500
4510
4520
4520
4540
4550
4569
45709
4580
4530
4600
4610
4620
4620
4640

- 4658

4660
4670
4680
4690
470@
4710
4720
4720
4740
4750
4760
4770
4720
4796
4800
4810
48290
4839
4840
4850
4860
4879
4880
4830

MOVE @1:12, 10

KS=1

Ké=4, 7

RMOVE @1:0, G2

GOsuB 4230 .
FOR I=1 TO INT<((TO-TS)>/M2)>
RMOVE @1:0, M2+%C1

Hi=H1i+M2

IF H1i=>T® THEN 43280

GOsSUB 4320

NEXT T -

RETURN

REM =% SUB: TICKMARK PLOTTING
RDRAW @1:K7,8

RDRAK @1:-K7.8

RMOVE @1:-KS, ~Ké

REM # SUB: VELOCITY TICKMARKS AND VALUES, 4662 PLOT

PRINT @1: USING "3D":H1i
RMQYE @1:KS, K6

RETURN |
MOVE @1:122,10

KS=3

Ké=-2. 7

RMOVE @1:0, G

GOSUB 45409 )
FOR I=1 TO INTCC(VO-VIOI/M3)
Hi=H1+M23

IF Hi=>v9-0. 01 THEN 4520
RMOVE @1:0, M3%C1

GOSURBR 4549

NEXT I

PRINT @1, 7:

RETURN

REM #% SUB: TICKMARK PLOTTING
RDRRW @1:-K?7,0 :

RDRAW @1:K7,8

RMOVE @1:KS, K&

PRINT @1: USING "D. D":H1
RMQVE @1:-KS, -Ké

RETURN

REM =% SUB: PLOT RARRIVAL TIME VS. DEPTH., 4662 PLOT

WINDOW O, 2a-Z9, 8, Te-T9
VIEWPORT B4, BS, B1,B2
C=Bg*(20-29>/B8
B=Bax<(TA-T79>/83
T2=7S5-T9

22=25-29

FOR J=1 TO N1

MOVE @1:51¢J>-29, 0
Gosue 38%a

DRAW @1:22<J, 123, T2<J, 12>
GOsuB 2899

FOR K=M2 TO 3 STEP -1

RDRAN @1:-52(J), T2<J, K=1>-T2<J, K>

GOosuUB 3890
NEXT K
NEXT J
RETURN

REM = SUEB: PLOT INTERVAL VELOCITIES.

WINDOW @, 20-29, 8, V8-V3S
va2=vi-vs

MOVE @1:Z2¢N1, 2>, V2<(N1, 2>
FOR J=Mi1 TO 1 STEP -1

DRANW B1:22¢J, 2>, V2<J, 23
RODRAW @1:52<(J>, 0

FOR K=2 TO N2-2

RDRAW @1:0, V2<¢J, K+1)-vY2<{J, K>
RDRAN @1:52¢J>., 0

NEXT K
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4300
4910
4920
4530
4940
4950
4969
4970
4980
4990
5000
5610
5020
saze
5040
5050
5060
5070
5080
5090
5100
51410
5120
5130
5140
5150
5160
5178
5189
5190
5200
5218
S220
5230
5240
5258
5260
5270
5280
5290
5300
5310
5320
5330
5340
S350
5360
5379
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
sS00
5514
5520
5530
5549

NEXT J°

RDRAW @1: 0,V2(1,12)-V°<1,11)

RDRAW @1:51<¢1)>-25¢41,125,9

VIEWPORT @, 158,98, 160

MOVE 21:4150, 100

RETURN .

PRINT "_ HEADER INFORMATION FROM FILE ";F1
PRINT “NUMBER OF CARPLE PQSITIONS <N1i)> ="; N1

PRINT “NUMBER OF SEIS/CRELE (N2> ="; N2 )

PRINT “IDENTIFICATION NUMBER ON TYPE OF SURVEY (N3> = “; N3
PRINT * N2=3 indicates an inhole survey was run®

PRINT "ARER C(AS$)> = "; AS$

PRINT “HOLE DESIGNATION (U$> = "; Us

PRINT “COUNTY AND STRATE (C$> = ";C$

PRINT “"DATE DATA TAKEN <(D$> = “;DS

PRINT "LATITUDE (L$> = ";L$;" AND LONGITUDE (0$) = “; 08
PRINT "DETECTOR TYPE <R$>=";R$; " AND SOURCE TYPE (S$)>=";S$
PRINT “ELEVY OF TEST HOLE (Ei> = “;EA;"; ELEY OF “;

PRINT "CHECK SEIS <E2> = "; E2

PRINT "CHECK SEI1S OFFSET (01> = "; 04

IF Fi1=8 THEN Si41

DIM RACNAD, SACNL), TSCNL, N2>, 21<(N1, N2> N

FIND B2:F1 }

READ @2:Ni, N2, N3, A$, C$, DS, LS, 0%, RS, S$, US, E1, E2, 01, R1, 51, S1, T5, 21
PRINT “__CRELE NO. CHECK SHOT TIME SHOT DEPTH"

IMAGE 2X, 2D, 12X, 3D. 2D, 12X, 3D. D

PRINT * J TS<CJT, 4> S1¢JIO"

FOR J=1 TO N1 :

PRINT USING S1S56:J, TS<CJ, 10,54

NEXT J

FOR J=4 TO N4

PRINT "__FOR CABLE POSITION "; J; v."

PRINT “SEIS NO. "; " ARRIVAL TIME“; * SEIS DEPTH"
PRINT * K TS5C";: 1 “, KD 25¢"; J; ", KO
FOR K=1 TO N2 )

IMAGE 2X, 2D, 8X, 4D. 2D, 9%, 3D. D

PRINT USING $5258:K, TS<¢J, K>, 25¢J, K>

HEXT K

NEXT J

MOVE 6.8

PRINT

RETURN

REM #*% SUB: CHANGE ARRIVAL TIMES

PRINT "“_.DO ¥0U WANT TO CHRMGE ANY ARRIVAL TIMES? (¥ OR N> *;
INPUT G$

IF G$="N" THEN 5549

PRINT "__ENTER YALUES T0O CHAMNGE ARRIVAL TIMES"
PRINT For detector number (ordered fair), see tabulated values"

PRINT “__NO. QOF DETECTOR WHOSE ARRIVAL TIME IS TO BE CORRECTED = *“;
INPUT J

PRI “K_ "
INPUT K

PRINT " For detector ";J; ", ";K;" at a depth of ";25CJ,Kd;", "
PRINT "old arrivel time = "; TS(J,K); %, new arrival time is to = ";

INPUT TS<J. KD

PRINT "__DO YOU WANT TO CHANGE OTHER ARRIVALS? <Y OR N> *;
INPUT G

IF G$="N" THEN 5490

GO TO 5386

IF F1=8 THEN 5548 .

PRINT “__DO ¥YOU WANT TO STORE CHANGED VALUES? <Y OR N> “;
INPUT G$

IF G$="N" THEN 5540

GosuB 1170

RETURN ’
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THE CROSSHOLE SURVEY PROGRAM

A crosshole (hole-to-hole) survey is one in which seismic sources and
detectors are positioned within different holes. Crosshole surveys have
objectives dependent upon the separation between the source and receiver holes:
when the two holes are close together, the purpose is to measure horizontal
seismic velocities; when the holes are widely separated, the main objective
is to search for the existence of seam waves (also called trapped or channel
waves). This program assumes a field procedure in which a string of detectors
is vertically deployed in one hole and a single source is located in another
hole.

Figure 30 shows a field setup for conducting a crosshole survey using
one source position and two cable positions. Note that the upper detector
of the cable in its first position is at the same depth as the lower detector
on the cable in its second position.

Straight-ray velocity is computed by dividing the distance between the
source and a detector by the first-arrival time to that detector.

In the sample problem that follows, the section from a depth of 91 to
102 m is examined using one cable position. Separation between each of the
12 velocity-cable detectors is 1 m, and the hole-to-hole separation is 10 m.
First-arrival times are entered to the nearest 0.0l msec in the sample.

Figure 31 is a copy of the screen display showing the first page of
information required by the crosshole survey program. A copy of the screen
display showing how depth and arrival time data are entered is given on
figure 32.

Figure 33 is a copy of the screen display showing the third page of

information required by the crosshole program in this sample problem. Here,
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ELEVATION OF SP HOLE

ELEVATION OF TEST HOLE
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Figure 30. Field setup for conducting a hole-to-hole (crosshole) survey.
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as in previous examples, we have stored the entered data on tape (file 27)
and then asked to see those data printed.

Figure 34 is a copy of the screen display produced by the crosshole
survey program after plot limits, tickmark intervals, and choice of plotter
has been made, Here we have chosen to plot on the screen.

Figure 35 is a copy of the screen display showing the plot of the results
obtained with the cross hole survey program using information entered in
figures 31 through 34. Note that the range in arrival time is only slightly
more than 1 msec.

A copy of the screen display showing a tabulation of observed data and
computed results is shown in figure 36. |

Figure 37 is a copy of the screen display when information is called
from file 27 and a plot on the 4662 plotter is to be made using the plot
parameters as shown within the boxes.

Figures 38 is a reduced copy produced by the 4662 plotter using the

information shown in figure 37 and the data stored in file 27.
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HOLE-TO-HOLE SURVEY AT HOLE 79-101A

ARRIVAL TIME IN MILLISEC xxxxx
4.6 48 S8 S.2 S5.4 S8 S.8

4

83

o4

8s

96

97

DEPTH IN METERS

98

89

100

1a1

182

1.6 1.8 2.9 2.2 2.4
STRAIGHT-RAY VELOCITY IN M/MILLISEC +++++

Figure 38. Reduced copy of report-quality plot produced by the 4662 plotter
after information of figure 37 was entered. Original dimensions of the
outer border were 25.4 by 33.0 cm. Information needed to write a figure
caption can be obtained either from the 4-line label printed across the
top of screen display (fig. 35) or data tabulation (fig. 36).
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Listing of program for crosshole-survey data

PRINT "L. ¥OU HAVE SELECTED PROGRAM TO ENTER, COMPUTE, "
PRINT * DISPLAY, AND STORE HOLE-TO-HOLE SURVEY DRTA"
INIT
DIM B$<24), G£<1), HE(19), N$CASH, US(?D ’
DATA 0. 25.0. 5, 9. S, 32, "DEPTH IN METERS", "HOLE-TO-HOLE SURVEY"
RERD BB,C,B,P,Ns,Hs
B$="ARRIVAL TIME IN MILLISEC"
PRINT "__.DO YOU WANT TO COMPUTE AMD PLOT THOSE DATA STORED®
PRINT "OMN R HOLE~TO-HOLE DATR STORAGE TAPE? <Y OR N> *“;
INPUT G#
IF G#$="N" THEN 340
PRINT “G_G_G___INSERT INHOLE SURYEY DATRA TAPE WITHIN 4524"
PRINT "__WITHIN WHICH FILE ARE DATA STORED? *“;
INPUT F1
FIND @2:F1
RERD @2:N4, N2, N3
IF N2=4 THEN 250
PRINT "G_G_.G._._-ERROR--¥Y0U HAVE NOT SELECTED A HOLE-TO-HOLE DATA SET"
GO TO 170
DIM S1<4), TSCHL, N2>, 25C(N1, N2O
FIND @2:F1
READ B2:Ni, N2, N3, fi$, C$, DS, L%, 0%, RS, S$, U, E1, E2, 01, 51, 51, S1, TS5, 25
S=51<41>
GO TO 368
F1=e
osUB S50
PRINT "__DO ¥Y0OU WANT TO SEE TAPE OR ENTE?ED DATA? <Y OR N> *;
INPUT G
IF G$="N" THEN 499
GOSUB 4880
GOsSuUe 1430
GOsSUB 13259
GOSUR 1€4@
GosuB 2248
GOSuB 2566
GOosSuUB 28%5a
GOosuB 2118
DELETE T2
GOsSUE 3210
GOSUB 2420
IF P=14 THEN S20
GOSUB 2629
GOSUB 5020
PRINT "G_G_G___PROGRAM COMPLETED“
END .
REM »% SUB:ENTER SURVEY DESCRIPTION DATA
N3=4
PRINT "__firea name <28 characters, max> = “;
INPUT R#¥
FRINT "Detector hole desiesnaltion (7 characters,max> = ";
INPUT Us -
PRINT "Date on which survey was made = “;
INPUT Os$
PRINT "__Latitude of test hole = ";
INPUT L3
PRINT "Lonsitude of test hole = *;
INPUT Os
PRINT "MNorth distance from detector hole to shotroint hole =
INPUT D4
PRINT "East distance from detector hole to fhotPOtnC hole = *;
INPUT DS
01=SAR<(D4*D4+DS*DS)
PRINT "County and State (23 charocters,max) =, Y
INPUT Cs$ .
PRINT “-_Elevatton of detector hole = “;
INPUT E1
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766 PRINT "Elevation of shotepoint hole = *;

778 INPUT E2 )

780 PRINT "_.Tyre of in-hole detector used (16 characters, max> ;.
790 INPUT Rs$ .

800 PRINT "Ture of seismic source {12 characters.max) “; .
816 INPUT S#% ’
820 PRINT "__Number of detectors on cable = ¥;

830 INPUT N2 ) )

840 PRINT "Number of inhole cable rositions = ¥;

850 INPUT M1

860 DIM S1d4), TSCNL, N2>, Z5<CN41, N2>

8708 PRINT "DePth of shotpPoint = %

880 INPUT Si<1D

890 S=S1<41)>

990 FOR J=1 TO Ni

910 PRINT “L_DETECTOR DETECTOR ARRIVALY

920 PRINT " NUMBER DEPTH TIME"
S20 FOR K=1 TO N2

848 PRINT "__. "; " "iKi" “;
958 INPUT 25<J.KD> . )
960 PRINT “K. oy
978 INPUT TS<J, KD

988 NEXT K

990 MOVE 9.8

1000 PRINT " e "

1010 NEXT J ‘ _
1820 PRINT "_.DO YOU WANT TO STORE OBSERVED DRTA ON A TAPE?";
1838 PRINT " ¢Y OR N > *; :

1848 INPUT G$

1050 IF Ge="N" THEN 1120

1068 PRINT "G_G_G___INSERT HOLE-TO-HOLE DATR TAPE WITHIN 49524
1870 PRINT "__WITHIN WHICH FILE ARE DATA TO BE STORED? ";
1888 INPUT F1

1698 FIND @2:F1

1100 WRITE @2:N1i, N2, N3, A$, C$, DS, L$, 0%, R$, S$, U, E1, E2, 01, 54, S4, 51, TS, 25
1116 PRINT @2, 2:

1120 RETURN

1130 REM #* SUB: ENTER PLOT LIMITS

1148 PRINT "__ENTER PLOT-LIMIT VALUES"

1150 PRINT ".. Min. depth of detector on Plot = ¥;
1168 INPUT Z9 .

1170 PRINT * Max. depth of detector on Plot = ¥;
1188 INPUT 20

1120 PRINT "_. Min. arrival time on Plot = %;

1260 INPUT T9 .
1210 PRINT *» Max. arrival time on Plot = *;
1220 INPUT TO

1230 PRINT "__ Min. velocity on plot = ";
1248 INPUT V9
12568 PRINT " Max. velocity on fPlot = ";

1269 INPUT VO

1270 PRINT "__TICKMARK INTERVALS ON PLOT"

12880 PRINT "__ Derth tickmark interval = %;

1298 INPUT M1 T

1380 PRINT " Arrival-time tickmark interval = *;

1216 INPUT M2 .

41320 PRINT " Velaocity tickmark interval = *;°

133@ INPUT M3 '
1348 RETURN

1358 REM #% SUB: PRINT SURVEY-INFORMARTION DATA

1368 PRINT "__DO YOU WANT TO PLOT Ol THE 46627 <Y OR N> “;
41370 INPUT Gs . :

41388 IF Gs$="y" THEN 16008

413986 MOVE 0,90

1400 PRINT
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DIM R$C(208), C$<(23), D$C12), L$(10), 0$(11), R$(16D, S$C12>

DIM V$(3), WE(BI, X$(1B), Y$(I), 2$(15>

RESTORE 1440

DATA 4. 792, 2. 816, 9, 88,9, 63, 70, 129

RERAD K1, K2, Bi, B2, B4, BS, B7, B8 : .
IMAGE "L_HOLE-TO-HOLE SURVEY:", 7R, " RAREAR:",20R, ™ DARTE:", 127
PRINT USING 1460:U$, A$, D$ )
IMAGE "LAT: “,10A,"; LONG: ",412AR,“; ", 23R, " FILE NO:",3D
PRINT USING 1480:L%,0%,C$, F1 .
YE$="DETECTOR: "

We="SP-HOLE "

X&="HOLE ELEV="

Y§="SP DEPTH="

2$="SEISMIC SOURCE:"

IMAGE1@A, 4D. D, 2X, 8A, "ELEV=", 4D. D, 2X, 9A, 3D. D, 2X, 8A, "0/5=", 3D. D
PRINT USING 45350:X$, E1. W$, E2, ¥$, S, WS, 01

. IMAGE 2R, 16A, 2@X, 15A, 12A

PRINT USING 41570:V%, R$, 28, S$
RETURN

RESTORE 1618

DATA 4.2,3,0. 5,106, 95, 13, 122
RERD P. K3, K4, BY, B1, B2, B4, BS
RETURN

REM #+ SUB: PLOT BORDERS AND LABEL RAXES
WINDOW 9, 130, 8, 108

VIEWPORT 8,430, 0, 169

IF P=1 THEN 4709

BS=B8-B7

GO TO 1758

MOVE (1:0,0

RDRAW #1:0, 108

RDRAN @1:120,08

RDRAW @1:0, -108

RDRAW @1:-139, 0

89=82-B1

B2=82-B1

86=£5S-B4

MOYE @P:Bd4,B2

RORAW GP:P6,0

RDRAW @GP :8. -B3

RDRAW GP:-B6, ©

RDRAW @P:8. B3

IF P=1 THEN 1990

MOWYE B?7.B2

RDRAW BS, O

RORAW ©, -B3

RDRAW -BS. O

RCRAN 8, B2

MOVE 8, ¢(B1+B2+(LENCNS$>-1. SO*K2)>/2
FOR I=1 TO LENCNS$ '
F&=SEG(NS, I, 1>

PRINT F*

NEXT I

MOVE (B4+BS5)>/2-12%K1, B1-6
PRINT Bs%, "K_."

MOYVE (B?+B38-31%K1>/2, B1-6
PRINT "STRAIGHT-RAY VYELOCITY IN M/MSEC", "K."
RETURN

MOVE @1:9, 22

PRINT @1, 25:906

PRINT @4, 17:K3, K4

PRINT @1:B$

MOVE @1:8,84

FOR J=4 TO S

RMOVE @1:9, -2
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28608 GOSUB 3840

2070 NEXT J

2080 MOVE @1:128, 11

2090 PRINT @1:"STRAIGHT-RAY VELOCITY IN M/MILLISEC®
2100 MOVE @1:127, 96

21108 FOR J=1 70 5

2120 RMOVE @1:9, -2

21308 GOSUB 3760

2148 NEXT J

2150 MOVE 01:82,3

2160 PRINT @1,25:180

2172 PRINT G1:N$

218@ PRINT @1,17:2. 7,4

2190 PRINT @4,25:90

2206 MOVE @1:4,3 -
2210 PRINT @1:"HOLE-TO-HOLE SURVEY AT HOLE ";Us$
2220 FRINT @1.17:K3,K4

2230 RETURN -

2248 REM *+ SUB: PLOT AND LABEL DEPTH TICKMARKS
2256 IF P=22 THEN 2280

2260 C1=B6/(20-29>

2279 GO TO 2290

2286 C1=B2/(20-29>

2290 H1=M1#CINT(29/ML>+1)

2300 Gi=(H1-29>*C1

2310 IF P=32 THEN 2340

2320 GOSUB 2920

2330 RETURN

2340 MOVE B4,B2 .

2358 RMOVE @, -G4

2360 GOSUB 2440

2378 FOR I=1 TO INT((20-29>/M1)
238@ RMOVE @, -M4+C1

2390 Hi=H1+M1

2402 IF H1=>Z@ THEN 2430

2410 GOSUB 2448

2420 NEXT 1

2429 RETURN :
2440 REM #* SUB: TICKMARK PLOTTING
2450 RORAW 8. 2, 0

2460 RMOVE B6-0. 4, 0@

2470 RDRAM 0.2, @

2430 RMOVE 1,0

2498 RDRAW ©. 2, 8

2508 RMOVE E3-0. 4,0

2510 PDRAW @. 2,0

2520 RMOVE -B6-B9-6. 4, -K2/2

2530 PRINT USING “2D":Hi

2540 RMOVE S. 4, K2/2

2550 RETURN

2568 REM *+ SUB: PLOT AND LABEL ARRIVAL-TIME TICKMARKS
2570 IF P=32 THEN 2608 .
2588 C1=£3/¢T@-T9) "

2598 GO TO 2618

2600 C1=P5/(TB-T9)

2610 HA1=M2HCINTCTI/M2>+1)

2620 G1=CH1-Ta)*C1

2638 IF P=32 THEN 2668

2648 GOSUE 4150

2650 RETURN

2668 MOVE B4, Bi

2676 RMOVE G1.8

2680 GOSUE 2723

2629 GO TO 278@

2700 REM »* SUB: TICKMARK PLOTTING
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2710
2720
273a
2740
2750
2760
2779
2786
2790
2809
2810
2820
2830
2840
2850
2860
2870
2880
2850
2900
2910
2920
2930
2940
2950
2960
297a
2980
2990
3aea
3010
2ez20
38ze
2040
365a
3068
3eve
3080
3096
3100
3110
332e
31z0
314@
3150
3168
317a
3180
3190
3200
3210
3220
323a
3240
325
3260
32786
3280
3290
3200
3218
3320
33230
3348
3350

RDRAW B,08. 2

RMOVE ©,B3-9. 4

RORAW @, 09. 2

RMOVE -3. 3#K1, -B3-K2
PRINT @P: USING “ZD.D":H1i
RMOVE 3. 3#K1, K2

RETURN

FOR I=1 TO INT((T@-TSO>/M2>
Hi=H1+M2

IF Hi=>T@-1. GE-3 THEN 2840
RMOVE M2%Ci, @

GOsSuUB 2760

MEXT I

RETURN

REM #% SUB: PLOT AND LABEL VELOCITY TICKMHRKS
Ci=B9/(YO~VI)
H1=M3%CINT(YS/MID+1)
G1=(H1-V9>%C1

IF P=32 THEN 2528

GOsSUB 43S0

RETURN

MOVE B?, Bi

RMOVE G1,0

GOsuB 2960

GO TO 3048

REM **x SUB: TICKMARK PLOTTING
RDRAW B8, 8. 2

RMOVE «. B2-0. 4

RDORAN @, 0. 2

RMOVE -1. 3%K1, -B3-K2

PRINT USING “D. D":H1

RMOYE 2. 2aK1, K2

RETURN

FOR I=1 TO INT((V@-V9)/N3)
Hi=Hi+M3

IF Hi=>V8-1  QE-3 THEN 3100

RMOVE M3%Ci, O
GOSUB 2960
NEXT I

RETURN

REM *% SUB: PLOT HOLE-TO-HOLE ARRIVAL TIME VS.

DIM T2CNL, N2), 22C¢N1, N2>
IF P=32 THEN 2160
Gosue 45¢8

RETURN

WINDOW @, TO-TS, 8, 20-29
VIEWPORT E4,ES.B1, B2
C=BO+{TO-TS)/B6
B=BO*{Z26-29)/E3
T2=T5~T8

22=20~-ZS

FOR J=1 TO N1

MOVE T2<J, 1>, 22¢J, 1>
GosuB 2848

FOR K=2 TO N2

RDRAW T2(J, K>=T2<(J, K=1), 22(J,K)-22(J;K-1)
GOSUB 2840

NEXT K

NEXT J

RETURN

REIM »% SUB: COMPUTE STRAIGHT-RAY VELOCITIES
DIM D3I(N1, N2>, VA<HL, N2>
S2=S+E1-E2

FOR J=1 TO N1

FOR K=1 TO N2 -
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3360
3370
3380
3398
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3538
3540
35Se
3560
3570
3580
3598
3¢€00
3610
3620
3630
364@
3&S0
3660
3670
3680
36390
3700
3710
3720
372e
3740
3754
3760
37706
3780
3790
3820
2818
3e20
383@e
3240
3258
3860
3870
2880
3890
3960
391a
3928
3830
3948
3850
2960
3srva
3980
39%0
4800

D3<J, K>=25¢J, K>=-52

D3¢J, K>=SQR(D3¢J, K>*D3CJ, K)+01»01>
Y1<¢J, K>=D3<J, K>/TS5<J, KD

NEXT K =

NEXT J

RETURN

REM #x SUB: PLOT STRARIGHT-RAY YELOCITIES
DIM Y2<N1, N2>

IF P=32 THEN 3470

Gosue 4720

RETURN

WINDOW O, YB-VYS, 8, 20~-29

VIEWFORT B?7, B8, B1, B2
C=BO*»(Y8-Y9)> /B9

Y2=y1-vS

22=208-25 '

FOR J=4 TO N1 ’

MOVE Y2<(J, 1>, 22¢J, 15

Gosue 760

FOR K=2 TO N2

RDRAKW Y2<J, K>=¥2<J, K=1), 22¢J, K>=22¢J, K-1)>
GOSUB 3760

NEXT K

NEXT 'J

MOVE 0.8

RETURN .

REM #»# SUB: TABULATE RESULTS

GOSUBR 1460

PRINT "“o_... DETECTORS SP-DETECTOR M
PRINT “STRAIGHT-RAY REMARRKS"

PRINT " NO. DEPTH DIST. TIME VELOCITY.."
IMAGE 20, ", ", 2D, 2X: 2D. D, 4X, 3D. D, X, 2D. 20, 8X, 2D. 2D
FOR J=1 TO N1

FOR K=1 TO N2

PRINT USING 3680:J, K, 25¢J, K>, D3¢J, K3, T5¢J, K>, ¥1<J, K>
NEXT K

PRINT

NEXT J

RETURN

REM #* SUB: CROSS SYMBOL

RDRAW @P:-C, 0

RDRFAW @P:2%C, 8

RORAW @P:-C, 8

RDRAW GP:@, B

RORAW @GP :8, -2+B

RDRAM @GP:0. B

RETURN

REM #%x SUB: X SYMBOL

ROFAW @GP:-C. B

RDRAW @GP : 2+C, -2+B

RDRAW @P:-C, B

RDRAW @P:-C, -B

RDRAW @P:2+%C, 2%B

RDRAW @P:~C, -B

RETURN

REM #% SUB: DEPTH TICKMARKS AND VALUES, 4662 PLOT
MOVE @1:43,18

KS=41

Ké=6, S

K7=0. 4

RMOVE @1:G1.0

GOSUB 4060 :

FOR I=1 TO IMT((208-233/M1>

RMOVE €1:Mi=C1,0
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4010 Hi=H1+M1

4920 IF H1=>20 THEN 4850

4830 GOSUB 4060

4840 NEXT I

4950 RETURN ,
4860 REM #x SUB: TICKMARK PLOTTING
4970 RORAW @41 :0, K7

4880 RMOVE G@1:0, B3-2+K?

4090 RDRAW @1:9, K7

4100 RMOVE @1:9, -B3

4110 RMOVE @1:KS, -K6

4120 PRINT G1: USING "3D":H1i

4130 RMOVE @1:-KS, K6

4148 RETURN

41508 REM #% SUB: TIME TICKMARKS AND YALUES, 4662 PLOT
4160 MOVE @1:13, 10

4178 KS=1

4180 K6=6. 7

4190 RMOVE @1:8,G1

4200 GOSUB 4280

4216 FOR I=1 TO INT((T8-T9)/M2)
4228 RMOVE £1:0, M2+C1

42308 Hi=H1+M2 -

4248 IF H1=>T8 THEN 4270
4250 GOSUB 4280

4268 NEXT 1

427@ RETURN

4280 REM #+ SUB: TICKMARK PLOTTING
4290 RDRAW @1:K7, 8

4368 RDRAW G1:-K7, 8

4318 RMOVE @1:-KS, -K6

4320 PRINT @1: USING “3D.D":H1 : -
4230 RMOVE @1:KS, K6

4348 RETURN

43508 REM #* SUB: VELOCITY TICKMARKS AND YALUES, 4662 PLOT
4360 MOVE @1:122,10

4378 KS=2

4280 K6=2. 7

4399 RMOVE @1:9, G1

44606 GOSUB 4499

4418 FOR I=1 TO INTC(VB-Y9>/M3D

4428 Hi=H1+M3

4438 IF Hi=>Y9 THEN 4470

4440 RMOVE G1:0, M3*C1

4458 GOSUB 4450

4460 NEXT I

4478 PRINT @1,7:

4489 RETURN

4498 REM #x SUB: TICKMARK PLOTTING
4560 RDRAW @41:-K7, 0

4510 RORAW @1:K7, @

4520 RMOVE @1:KS, ~K6

4539 PRINT @1: USING “"D.D":Hi

4540 RMOVE @1:-KS, K6

4550 RETURN

4563 REM %« SUB: PLOT ARRIVAL TIME ¥S. DEPTH, 4662 PLOT
4576 WINDOW @, 2R-Z9, 8, T8-T9

4580 VIELFORT B4, ES, B1, B2

4550 C=0. 8*BO*(26-29)/B6

4660 B=0. G*EOx(TA~TS) /B3

4618 T2=TS-T9

4620 22=25-29 ;

4630 FOR J=1 TO Ni | _

4648 MOVE @1:22¢J, 1), T2¢J, 1)

4650 GOSUB 3840
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4660
4670
4690
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4940
4850
4860
4870
4830
4850
4900
4910
4920
4930
4940
4950
4960
4970
. 4580
4990
5600
5010
5020
5030
5040
5050
5060
5670
5080
5690
5100
5110
S120
5130
5140
5156
5160
5170
5120
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280

FOR K=2 TO N2

RDRAW @1:22<J, K>=-22<¢J, K=1), T2¢J, K>-T2<J, K-1>
GOsuB 3848

NEXT K

NEXT J

RETURN

REM =x SUB: PLOT STRAIGHT-RAY VELOCITY, 4662 PLOT
WINDQW @, 20-29, 8, Vo-Vv9

v2=v1i-v9

B=RB*(Y8-¥9)>/B3

C=BO*(2a-29>/B6

FOR J=1 TO N1

MOVE @1:22<J, 15, V2¢J, 15

GOSuUB 3760

FOR K=2 TO N2 ‘

RDRAW @1 :22<J, K>=22<(J, K-15, ¥2¢J, K>-V¥2<J, K-
GOSUB 3760

NEXT K

NEXT J

YIEWPORT Ba150.8a188

MOVE @1:150, 100

RETURN
REM *x SUB CONTENTS OF DRTA STORAGE TAPE
PRINT HEADER INFORMATION FROM FILE ";F1

PRINT "NO OF CABLE POSITIONS = “;Ni;": NO. OF SEIS/CABLE = "“;N2

PRINT “IDENTIFICATION NUMEBER OM TYPE OF SURVEY <(NI)> = "; N3
PRINT * MH3=4 indicales a hole-to-hole survey was run"
PRINT "RAREA = "; A%, "; HOLE DESIGNRTION = "; Us$

PRINT “CO. AND STRATE = “;C%; ", DATA DRTE = ";D$

PRINT “LATITUDE = ";L%;" AND LONGITUDE = ", 0$

PRINT "DETECTOR TYPE = "“; R$; " AND SOURCE TYPE = “;S$

PRINT "“ELEY OF TEST HOLE = "“; E4,; ", ELEY OF SP HOLE = " E2

PRINT “SP TO TEST MOLE DIST = ";01;"; SP DEPTH = ";S1<1>

FOR J=1 TO Ni

PRINT “__ FOR CRBLE POSITION ";J

PRINT "SEIS NO. ";* ARRIVAL TIME®;" SEIS DEPTH"

FOR K=1 TO N2

IMAGE 2X, 20, €X, 4D. 20, 9%, 3D. D

PRINT USING 5830:K, TS<J, K>, 25¢J, K>

NEXT K

NEXT J

RETURN , _

REM #* SUB: CHANGE ARRIVAL TIMES

PRINT “__DO YOU WANT TO ADJUST ANY ARRIVAL TIMES? <Y OR N> "
INPUT G$

IF G$="N" THEN 5280

PRINT "__NO. OF DETECTOR WHOSE ARRIVAL TIME IS TC BE RDJUSTED = "

INPUT J

PRI "K. PR
INPUT K :

PRINT * For detector "; J; ", ";K;" at a derPth of ";25¢J. K);", "
PRINT "old arrival time = *; TS5C¢J,K);; ", new arrival time is to = ";
INPUT TS<¢J, K2

PRINT “__DO YOU WANT TO ADJUST OTHER ARRIVALS? (Y OR N> *;
INPUT G#

IF Gs$="N" THEN 527@

GO 7O Size

IF F1=8 THEN 5280

PRINT "__.DO YOU WANT TO STORE CHANGED VHLUES’ <Y OR N> "; -
INPUT Gs

IF Gs$="N" THEN 5286

GOsuB 10696

RETURN : -
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THE DATA REVIEW AND EDIT PROGRAM

The program to view or change contents of a data file can be applied to
a downhole, inhole, or crosshole survey data file. Only one question has to
be answered to begin running this program, namely:

WHICH FILE DO YOU WISH TO EXAMINE?
Upon receiving the file number, the program finds and prints the contents of
that file. 1In these tabulations, the names of the string and numeric variables
are also printed. For example, A$ is the string variable for the area name
and T5(1, 2) is the numeric variable for the arrival time of the second
detector on cable 1. These names are needed in the editing process.

Figures 39 and 40 are copies of the screen displays showing the labeled
contents of file 25, the file containing the downhole-survey sample problem.

Figures 41 through 43 are copies of the screen display showing the labeled
contents of 26, the file containing the inhole-~survey sample problem.

Figure 44 is a copy of the screen display showing the contents of file
27, the file containing the crosshole-survey sample problem.

As an exercise, let us assume that we want to change some of the
information in file 27. To do so, we would enter a "Y" in response to the
question across the top of figure 45. The edit program would then print the
instruction for making changes. Those quantities that were changed in this
example are enclosed within the box. After the new values were entered, the
command RUN 1120 was given. Thereupon, the program wrote the revised
information on the same file from which the original values were read.

Figure 46 is a copy of the screen display showing the contents of file
27 after the change has been made. On this figure a dashed-line box has beén

drawn around those values that had been changed.

-
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Listing of program to review and change data file

100 PRINT
110 PRINT
128 PRINT
138 INIT

140 DIM A$C20)>,C$<2

150 PRINT
168 INPUT

»L_.¥Y0U HAVE SELECTED PROGRAM TO VYIEW OR CHANGE “;
"CONTENTS OF A DRTA FILE"
"G_G.G___MNOTE: DATA TAPE MUST BE INSERTED WITHIN 4924"

20, D$C125, G$C1), L$C10), 0$<11), R$<16), S$C12), USC?D
"--WHICH FILE DO ?OU WISH TO EXAMIME? "
F1i

1?B\FIND @2:F1

180 PRINT

"L HEADER INFORMRTIOM FROM FILE ";F1

198 READ @2:N1, N2, N3, A%, CS$, DS, LS, 0%, RS, S8, US, EL, E2, 01
208 IF N3=2 THEN 240

216 PRINT
228 PRINT
230 GO TO
- 248 PRINT
258 PRINT
260 GO TO
270 PRINT
288 GO TO
290 PRINT
380 GO TO
310 PRINT
320 PRINT
338 GO TO
348 PRINT
358 PRINT
360 PRINT
370 PRINT
38@ PRINT
398 PRINT
4008 PRINT

"NUMBER OF CRELE POSITIONS <(Ni> ="; Ni

"MUMBER OF SEIS/CARBLE (MH2> ="; N2

250

"NUMBER OF DETECTOR POSITIONS WITHIN THE HOLE = "; N2
"IDENTIFICATION NUMBER ON TYPE OF SURVEY (N3> = “;N3

N3 OF 279, 290, 319, 340

b A downhole surves usine a velocity cable was run®

359 -

" A downhole surves with a sinele detector osrour was run”
350 .

" An inhole surves (source and detectors in same holed";
* was run" '

350

" A crosshole or hole-to-hole survey was run”

"ARER (A$> = ";As$

"HOLE DESIGNATIOM <U$) " Uus

YCOUNTY RMD STATE <(Cs%> ";C$

"DATE DATA TAKEN <D$> = “;D$

“LATITUDE <L$> = "; L% " AND LONGITUDE <O$> = ";0$
"OETECTCR TYPE (R3$)>=";R$; " BND SQURCE TYPE (S$)=";S$

448 IF N2<{>3 THEN 4¢€0

426 PRINT
430 PRINT
448 PRINT
450 GO TO
460 PRINT
470 PRINT
488 IF N3
498 GO TO

“ELEY OF TEST HOLE <E41> = “;EL1;%; ELEVY OF";
" CHECK SEIS (E2> = "; E2
“CHECK SEIS OFFSET = ";01 °

=X

"ELEY OF TEST HOLE <E1)> = ";EL1;™;
“SP TO TEST HOLE DIST 01> = ";01
=2 THEN Sg0o

528

ELEY OF SP HOLE <E2> = “; E2

S68 DIM RICM2D, SA<CN2)>, TAC(N2)>, TSC1, N2), 21<1, N2>

510 Ni=N2
528 GO TO

540

530 DIM RICNLD, SACNLD, TACNL), TSCNL, N2>, 2Z4C<NL1, N2)>
540 FIND @G2:F1
550 READ @2:Mi, N2, N3, A%, C%, D$. LS, 0%, RS, S$, US, EL1, E2, 04, R4, 54, T4, 75, 21

560 GO TO
570 Ni=N2
580 PRINT
586 PRINT
600 GO TO
618 PRINT
629 IMAGE
628 FRINT

N3 OF 7€, 579, 610, €20

648 FOR J=1 TO M1

658 PRINT

660 NEXT J

678 GO 7O
688 PRINT
690 PRINT
700 IMAGE
710 PRINT

"__SEIS. MNO. REFERENCE TIME SHOT DEPTH UP";
"HOLE TIME"
rg=]
"—-CABLE NO. CHECK SHOT TIME SHOT DEPTH"
2K, 2D, 12X, 30, 20, 12X, 3D. D
" J TS, 1O S1<IO"
USING 620:J, TS<J, 15, S4<ID
8208 . .
"-~CABLE DEPTH OF DEPTH UPPER DEPTH- LOWER"
" NO. SHOT DETECTOR DETECTOR"
X, 2D, 7X, 3D. D, SX, 2D. D, 12X, 3D. D '
" J S1<1> 21¢<J, 1O 24¢J, 12> -

720 FOR J=1 TO N1

738 PRINT

748 NEXT J

750 GO TO

USING 7@a: J,Si(J):Zi(J'i);Zi(J;12)

830
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‘768 PRINT “__CRBLE NO. REFERENCE TIME SHOT DEPTH UpP";
778 PRINT “HOLE TIME"™ -

788 IMAGE 2X, 20, 9X, 3D. 2D, 3%, 3D. D, 9%, 3D. D

798 PRINT * F © RalI . S T4<IO*"
808 FOR J=1 TO Ni

816 PRINT USING 788:J, RA<J), S1<(J), T1<JID

820 NEXT J

8306 PRINT

840 J=1

850 IF N3=2 THEN 8950

868 FOR J=1 TO N1

870 IF N3=2 THEN 890

888 PRINT * FOR CRBLE POSITION "; J;":"
898 PRINT “SEIS NO. “; * ARRIVAL TIME"; " SEIS DEPTH"
908 PRINT * J, K TS<C": T " KD 22C"; J; L K00

910 FOR K=1 TO N2

928 IMAGE X.2D, ", ", 2D, 6X,4D. 2D, 8%, 2D. D

93@ PRINT USING 3820:J, K, TS¢J, K), 21¢J, K>

840 NEXT K .

950 IF N2=2 THEN S8@ -

960 NEXT J

970 GG TO 998

988 Ni=1

998 PRINT "__DO0 YOU WANT TO CHANGE ANY OF THESE DRTR? <Y OR N> %;
1008 INPUT G$

4610 IF G$="N" THEN 14140

1028 PRINT “__PROCEDURE TO MAKE CHANGES IS RS FOLLOWS:* -
4830 PRINT * 1. Identify name of variable to be chansed; for example, "

1040 RRINT " AS, T1<(2), 21<2,4>"

4658 PRINT » 2. Enter variable name and its new value; for examfle,
1060 PRINT * AS=""WATKINS"", T1(2)=12. S, 21(¢(2, 4>=30"

1678 PRINT * 3. After all changoes have been made, enter RUN 1120"

1080 PRINT “G.G-G-.-ARE YOU READY TO PROCEED? <¥ OR N> *;
1890 INPUT G$

11006 IF G#$="N" THEN 10S8@
1110 END

1120 FIND @G2:F1

1130 WRITE @2:N1, N2, N3, A%, C$, DS, LS, 08, RS, S$, U, EL, E2, 01, R1, 54, T4, 75, 24
1140 PRINT "G.G.G...PROGRAM COMPLETED"

44150 END

»
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